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The constant evolution of testing methodologies for the human retroviruses demands that periodic reviews of the capabilities
of these methodologies used in the public health laboratories be conducted. To this end, the Association of State and
Territorial Public Health Laboratory Directors (ASTPHLD) sponsored the Sixth Conference on Human Retrovirus testing
March 5-7, 1991 in Kansas City, MO. Approximately 285 conference participants viewed 36 poster presentations, heard
12 plenary session speakers discuss a variety of topics relevant to retrovirus testing, and participated in 6 panel sessions
concentrating on the most relevant topics of human retrovirus testing.

Panel Session 1 was entitled OTesting for HIV-l'. Topics discussed included rapid testing methods, Western blots,
testing of non-traditional samples, surrogate markers, recombinant/synthetic based assays, Western blot interpretation
criteria, indirect fluorescent antibody methods, and viral detection methods.

Panel Session 2, entitled 'Polymerase Chain Reaction", discussed methodolcgies used in PCR, quality assurance,
proficiency testing, and test interpretation and reporting.

Panel Session 3 centered on developments within 'Flow Cytometry'. The topics covered flow cytometry for disease
staging, monitoring anti-viral therapy, training, quality assurance, reporting criteria, and interpretation.

Panel Session 4 addressed "Testing for HIV-2 and HTLV-I/ HTLV-II'. Topics covered HTLV-I and HTLV-II
differentiation, the confirmation methodologies and criteria for HIV-1 and HIV-2 as opposed to HTLV-IflI viruses,
HIV-1 and HIV-2 combination tests and alternate rapid testing methods.

Panel Session 5 concentrated on *The Diagnosis of HIV Infection in Newborns". The topics covered, in a very
specific sense, the use of flow cytometry, PCR, and viral culture to enhance detection of infection in newborns.
Discussions also covered the use of ELISPOT, in vitro assays and analysis for IgA.

Panel Session 6 dealt with 'Standards of Practice and Reporting". A new topic covered during this session was the
"Interpretation/Reporting of Reactions in Vaccinated Individuals*.

There continues to be intense interest among laboratorians in the methodologies discussed in these six panel sessions due
to the increased attention the medical and scientific community has focused on early intervention and treatment programs
for HIV antibody positive patients. Title III of the Ryan White CARE Act outlines provisions for monitoring the immune
status of HIV antibody positive patients in order to assess the stage of the AIDS disease. Laboratory analysis, in all aspects
of this monitoring process, is extremely important. Laboratory findings form the basis of the therapies currently available
for retfovirus infected individuals.

It is intended that the recommendations derived from the Conference on Human Retrovirus Testing be utilized universally
to set laboratory standards in methodologies, policies, quality assurance, interpretation and reporting.

Sixth Annual Conference on Human Retrovirus Testing 5



To assess the current status of testing for Human Retroviruses, a survey was sent to 54 state and territorial public health
laboratories during the third quarter of 1990. The survey requested data for fiscal year 1990 (July, 1989 -June, 1990).
In previous years, calendar year data were requested.

A milestone was achieved in gathering the data for this most recent survey. All 54 state and territorial public health
laboratories and the city of New York contributed to the survey data. This had not occurred in any previous year. The
summary of these data follows.

The total number of EIA tests reported by the survey
participants, as indicated in Figure 1, totalled in excess of RETROVIRUS TESTING
4 million. These data cannot be compared directly to the HIV-1
data from previous years because they include data from
99 California clinical laboratories and blood banks and 37
county public health laboratories. However, in evaluating TEST TOTAL REACTIVE IND
these data, it can be noted that the EIA reactive rate in
this national sample is 3 %. Western blot confirmation of
the reactives was 58%; 9% of the Western blots were
indeterminate. Using IFA, 79% of the reactives were
confirmed and 1.5% were indeterminate. W B 91,375 75,051 6,990

RETROVIRUS TESTING F A 33,934 26,664 555

HIV-1 E=,ude, lo/aIIlnl.al Callfornia laboratorles

Figure 2 Testing volume adjusted from Figure 1 to
exclude the 37 local public health and 99 clinical

TEST TOTAL REACTIVE IND laboratories in California.

E I A 4,424,943 132,376 N/A Removing the California data generates Figure 2,
demonstrating 3.175 million EIA tests. These data
exhibit a slightly higher reactive rate (3.5%). The

W B 131,890 77,075 11,625 Western Blot test confirmed 82% reactive and 7.5% were
indeterminate. In utilizing the IFA, 78% of the original

I F A 35,221 27,831 559 EIA reactive tests were confirmed while only 1.5 % were
I_ indeterminate.

Figure 1 Testing reported by the members of
ASTPHLD includes 37 county (local) public health
laboratories and 99 clinical laboratories in California.
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used most frequently, (73% of all confirmatory tests
SIXTH CONFERENCE conducted). The IFA confirmatory system had been used

RETROVIRUS TESTING for 26 % of the reactive tests, while approximately 1 % of

RESPONDENT$ the confirmations were conducted with either PCR or
10 .-....... -...................... ............ ........................................................... tissue culture techniques.
14 ................ ............................................. I............

12 ............... .. ..................................

10 RETROVIRUS TESTING
° .REACTIVE TESTS

4 . . .. . . . . . .... .... ..... . .. .. .. .

2
02.. 

.... ....

01
0 MO00 4 000O (700 20000 'OOcO 'ooooo WESTERN BLOT 75061

Figure 3 Total number of tests performed by reporting P C R 1020

laboratories

Figure 3 indicates the total number of EIA tests done by
each of the responding laboratories. These data indicate F A 26640
that, of the responding laboratories: approximately 48% CULTURE 641

conducted less than 50,000 tests, approximately 35%
between 50,000 and 100,000 tests, and 16% conducted
more than 100,000 tests for retrovirus. INCLUDES ALL ATPLD MEUERS

Figure S Distribution of confirmatory methods for

HIV POSITIVITY RATE reactive EIA

W RATE PER 100,000 ALTERNATE TESTING METHODS
0SURROGATE MARKER I

FLOW CYTOMETRY a

: uiu: iui CULTURE im n

0000 S 24

RECOMBINANT EIA 4
k 0000 I

SYNTHETIC PEPTIDE i
0 4 I 12 is 20 24 28 . !

RESPONOENTS 0 2 4 I i 10
REUPONDOENTrS

Figure 4 HIV positivity rates for tests in public health

laboratories Figure 6 Other test methods used in public health
laboratories to follow up on patients with HIV

The HIV positivity rates reported by public health
laboratories are shown in Figure 4. Of the responding Figure 6 reveals that alternate testing methodologies are
laboratories, 42% have a low positivity rate of less than being used by more laboratories. Surrogate markers,
1 %, 42% of the responding laboratories indicate a which include p24 antigen, neopterin and beta-2-
positivity rate between 1 and 5% and 17% have a microglobulin, are used by eight laboratories. Flow
positivity rate in excess of 5 %. The pie chart depicted in cytometry, culture, PCR, recombinant antigen and
Figure 5 indicates the tests that are used to confirm ETA synthetic peptides are also being utilized, but in fewer
reactives. These data show that the Western blot test was numbers of laboratories.
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NEWBORN POSITIVITY RATE RETROVIRUS TESTING
RATE PER 1ooooo HIV-2

,'M:

.60 8 TEST TOTAL REACTIVE IND

, EIA 4,460 114 N/A

10 2 WB 194 22 32

r 77 IFA 17 0 1
0 2 4 I U 10 12 14

RESPONOSNTS Figure 9 The testing volume for HIV-2, including the

Figure 7 The HIV positivity rate for newborns California local laboratories

SIXTH CONFERENCE
RETROVIRUS TESTING RETROVIRUS TESTING

HTLV 1/11
HIV-1 82

TEST TOTAL REACTIVE IND

-Iv-2 fUSPoftO EIA 523,524 1946 N/A

WB 1,702 407 195

IFA 1,942 1,063 112
L 0 S y 40 t pFigure 10 Testing volume for HTLV-IfII includes the

Figure health laboratory 37 local public health and 99 clinical laboratories in
retrovirus testing (Note: in 2 states the HIV-1 test is not California. Of the total ETA tests 515,093 were
performed in the state laboratory). performed by 35 clinical laboratories in California.

Public health laboratories continue to support the initia,. Ie Figure 9 shows the number of HIV-2 tests conducted. Of
of the Centers for Disease Control in gathering data for the 4,460 EIA tests, only 114 (2.5%) were found to be
the family of seroprevalence surveys. Figure 7 indicates reactive - similar to the rate seen for HIV-1. However,
that 35 laboratories conducted HIV tests in populations of the Western blot confirmation rate was very different
women of childbearing age. The data indicate that the from HIV-, i that only 11% of the EA reactive tests
positivity rate in this population is substantially below that were confirmed, while 16% were indeterminate.
seen in the adult population shown in Figure 4. Of 35 Laboratories using IFA methodologies had no reactives
labs reporting, only I laboratory indicated a positive iate and only I indeterminate. These data appear to indicate
greater than 1%. the need to refine testing conducted for HIV-2.

Figure 8 outlines the retrovirus testing being conducted in Figure 10 demonstrates that of the approximately 500,000
each of the responding laboratories. A total of 52 tests conducted for HTLV-I/II less than 1 % were reactive.
responding laboratories indicated that they conduct tests Those reactive specimens showed a 25 % confirmatory
for HIV-I. Pennsylvania and Minnesota state public rate Western blot, while 11% were indeterminate. In
health laboratories do not conduct HIV testing. The data utilizing IFA methodology, 55 % were confirmed and 6 %
in this figure indicate 6 laboratories also conduct HIV-2 were indeterminate.
testing, and 11 laboratories perform tests for HTLV-1111.
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The principal manufacturers of EIA testing reagents are
TESTING TURNAROUND TIME listed in alphabetical order in Figure 13. The leading

S.......................................................................................................... suppliers of the W estern blot reagents are indicated in

Figure 14.
S.......................... ................................ .............. ............

. .... ! ................................................... -......................R T O I UT EIN

- .. 4RETROVIRUS TESTING
1h i I I EIA MANUFACTURERS

1 2 S 4 5 0 7 S I 3I

Days ABBOTT
NEGATIVE TEST

Figure 11 Over 80% of thL public health laboratories DUPONT
report non-reactive EIA results within three days.

GENETIC SYSTEMS
TESTING TURNAROUND TIME ORGANON TEKNIKA

14

1 2 .. .... . ............... ................................ " .................................. O R T H O
1 0 - .. . . . .... .. .. .......... .. .. .............. --... . .. . .............. ........ .... ...

........ S ....... ................. Fgure 13 Suppliers of ETA reagents used by the state
public health laboratories.

e .. .... .... .8 .... .. .. ... ...... . ... ...... .... ... i..... .........g ..

...,d ank.& ....... .... .... ..... " ..... .. ... . .. . .. ... .. ... . .. . .. .

1 2 3 4 5 a .• O U*

Day RETROVIRUS TESTING
SUPPLEMENTALT..EST WB MANUFACTURERS

Figure 12 The time required to report reactive EIA
varies greatly according to individual state procedures.

ABBOTT
Figure 1 shows the average testing turnaround time when BIO- RAD
the results of the EIA tests are negative. Most
laboratories indicate that results are reported within 3 CAPPELL
calendar days. The testing turnaround time for an EIA DUPONT
reactive specimen is longer and more inconsistent (Figure EPITOPE (ORGANON TEKNIKA)
12). It is clearly evident that extended periods of time are GENETIC SYSTEMS
needed to confirm results; the largest number of
laboratories (11) indicated that 7 calendar days were ORTHO
needed to report a confirmed positive result. This Figure, 14 Suppliers of Western Blot reagents used by the
extended turnaround time is a source of frequent state public health laboratories.
discussion between the state public health laboratory and
the AIDS program in each of the states and territories.
Many requests have been made to consider various
approaches to reduce the reporting turnaround time for
confirmation of reactive EIA results.
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HIV-1 TESTING HTLV 1/11 TESTING
US ARMY FY90 US ARMY FY90

TEST TOTAL REACTIVE IND
TEST TOTAL POSITIVE

E I A 1,304,224 6,012 N/A

W B 6,875 2,278 863 CULTURE 15 8

CULTURE 2,417 1,092 P C R 177

P C R 657 FLOW 100

FLOW 7,500 Figure 17 The US confirmatory tests for HTLV-I/II

Figure 1S US Army testing of HIV-1

HIV-2 TESTING Figures 15, 16 & 17 represent respectively the HIV-1,
US ARMY FY90 HIV-2, and HTLV-I/II testing done by the US Army.

Although not a member of ASTPHLD, the US Army
testing laboratories represent a considerable amount of

TEST TOTAL REACTIVE IND testing performed on members of the armed forces.
These data are significant in that this is an excellent cross

E I A 1,590 16 N/A section of the young adult population of the United States.
These data are not included with the survey data.

W B 16 0 1

P CR 5

FLOW 10

Figure 16 US Army testing for HIV-2
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I
ROOM: EMPIRE A/B
TIME: 8:30 TO 10:00 AND 10:45 TO 12:00, WEDNESDAY, MARCH 6, 1991
CHAIR: J Mehsen Joseph, Ph.D., Director, Laboratories Administration, Maryland Department of Health

and Mental Hygiene, Baltimore, Maryland
MEMBERS: Cynthia K Cossen, Public Health Microbiologist, Viral and Rickettsial Diseases Laboratory,

Department of Health, Berkeley, California; J Richard George, Ph.D., Chief, Developmental
Technology Section, Centers for Disease Control, Atlanta, Georgia; Stephen Josephson, Ph.D.,
Director, Clinical Microbiology/Virology, Rhode Island Hospital, Providence, Rhode Island
(Rapporteur)

TOPICS: Rapid testing methods; Blots; Testing of non-traditional samples; Surrogate markers;
Recombinant/synthetic based assays; Simultaneous detection methods; Western Blot criteria; IFA;
Viral detection methods

RECOMMENDATIONS

1.01 Rapid tests for the detection of HIV-I antibody not be a waivered test under CLIA regulations. It is essential
that a proficiency testing program be developed to ensure the quality of testing.

1.02 At the present time, we cannot recommend the use of urine or saliva specimens for HIV antibody testing.
Available data, however, indicate that these specimens may be acceptable. We recommend that manufacturers
and interested investigators publish in peer review journals and submit data to the FDA which would allow
urine and saliva to be used for HIV antibody testing.

1.03 We encourage manufacturers to evaluate non-traditional markers such as p17 antigen and develop quantitative
assays for staging.

1.04 FDA licensed recombinant or synthetic peptide ELISA tests for the detection of HIV-1 antibody can be used
in an HIV-1 algorithm. The following algorithm has been proposed as an alternative to the existing algorithm
for the detection of HIV-1 antibody. This algorithm should be evaluated during the coming year and data be
submitted at the next meeting.

1. HIV-1 ELISA A
a. Negative - REPORT

b. Reactive - GO TO 2.

2. HIV-1 ELISA B

a. Negative - REPORT

b. Reactive - GO TO 3. or 4.

3. HIV-1 IFA
a. Positive - REPORT

b. Negative or Non-specific - GO TO WB and/or Follow-up specimen

4. HIV-1 WB
a. Positive - REPORT

b. Indeterminate - GO TO Follow-up specimen

c. Negative - Report or Repeat
1.05 The ASTPHLD criteria for Western blot interpretation should be reevaluated in light of recent reports of

uninfected individuals with envelope only or envelope and gag bands. The issue of contamination by another
specimen may be a contributing factor and must be addressed.

A
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1.06 Quantitative antigen assays for measuring virus burden are needed to monitor disease progression and efficacy
of therapy. Further development of better quantitative assays should be encouraged. It is recommended that
a national reference standard for antigen quantitation be developed for use by manufacturers for standardizing
their antigen detection kits.

1.07 IFA has a place in HIV diagnostic schemes as a supplemental test. Some of the currently available commercial
kits show promise for use as confirmatory tests.

1.08 Laboratories with significant experience with HIV IFA may use their own IFA based protocols for confirmation
of screening test results.

1.09 Non-specific IFA results should be clarified whenever possible. The use of absorption will resolve many of these
problems and manufacturers are encouraged to develop standard protocols for this and to make cells available
for this purpose. Other supplemental tests should be used when absorption cannot resolve the antibody status
of a specimen. A positive IFA can be reported as positive, however a negative or a non-specific result should
be followed by an additional supplemental test.

1.10 The IFA should not be used as a screening procedure.
1.11 IFA kit manufacturers are encouraged to submit their products to the FDA for licensure. Public health and

other laboratories are encouraged to actively participate in gathering data needed to support these applications.

1.12 The following references should be used for Delta Value Calculations:
Crofts, N. et,al. Evaluation of enzyme-linked immunosorbent assays: a method of data analysis, J. Virol.
Methods, 22:51-59 (1988)
Maskill, W.J. et al. An evaluation of competitive and second generation ELISA, J. Virol. Methods, 22:61-73
(1988)
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ROOM: CHOUTEAU
TIME: 8.30 TO 10:00 AND 10:45 TO 12:00,WEDNESDAY,MARCH 6, 1991
CHAIR: Haynes W. (Chip) Sheppard, Ph.D., Research Scientist, California Public Health Foundation,

Berkeley, California

MEMBERS: Anne M Comeau, Ph.D., Co-Principal Investigator, Newborn HIV Project,Theobald Smith
Research Institute, Jamaica Plain, Massachusetts (Rapporteur); Harold Dowda, Ph.D., Director,
Diagnostic Microbiology, South Carolina Department of Health and Environmental Control,
Columbia, South Carolina; Robert Martin, Dr.P.H., Director of Laboratories, Michigan
Department of Health, Lansing, Michigan; Susan Mottice, Ph.D., Director, Microbiology, Utah
State Health Department, Salt Lake City,Utah; John Pfister, RM (AAM), Retrovirus Supervisor,
State Laboratory of Hygiene, Madison, Wisconsin

TOPICS: Quality assurance; Methodology; Applications; Interpretation/Reporting; Proficiency Testing

RECOMMENDATIONS

2.01 For specimens obtained "on site", with same day processing, EDTA, Heparin, or ACD are suitable. For
specimens which are shipped from another site, samples in ACD may be suitable for up to 5 days. For
specimens in EDTA or heparin, the maximum transport time is 48 hours.

2.02 Every effort should be made to obtain whole blood samples 24-48 hrs after venipuncture. Samples should be
transported at room temperature.

2.03 Dried blood spots appear to be suitable for PCR testing and may be stable for long periods of time. Further
data are awaited regarding the sensitivity and specificity of PCR testing from dried blood spots.

2.04 Magnesium concentration must be optimized for each set of primers. Current primers: 1.5-2.5mM

2.05 Annealing and extension conditions must be optimized in each laboratory.
2.06 The number of cycles in the amplification process should be between 30 and 35 for HIV detection.

2.07 Liquid oligonucleotide hybridization (OH) is a highly sensitive and specific detection method and is
recommended.

2.08 A variety of non-radioactive detection methods are now available and some have sensitivity and specificity
comparable to OH detection. Further comparative testing is recommended.

2.09 In order to obtain the authority to perform and report PCR results, the PCR sub-committee recommends
initiation and continuation of discussions with those who hold patents affecting the use of PCR for the purpose
of insuring continuation of public health investigations of the diagnosis, etiology, and pathogenesis of diseases
of public health importance.

2.10 Laboratories performing PCR should employ a minimum of two primer pairs for initial testing and/or
resolution of discrepant results.

2.11 Primers with documented sensitivity and specificity should be used.

2.12 A minimum of two separate PCR reactions (two primer pairs or duplicates of one primer pair) should be
performed for each specimen. Splitting of the original specimen is recommended when possible.

2.13 Discrepant results should be resolved by additional analysis of the original specimen using the same or different
primer pairs. If discrepant results cannot be resolved by repeat testing, the results should be reported as
indeterminate and another specimen should be requested.

2.14 The overall interpretation of PCR testing should be reported as HIV DNA detected, HTV DNA not detected,
or Indeterminate.

2.15 Complete testing algorithms need not be reported.
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2.16 Appropriate positive, negative, and reagent controls should be included with every PCR test.

2.17 All published guidelines for minimizing the contamination of specimens with amplified PCR product should
Wl be rigorously followed.

2.18 Biochemical sterilization of PCR products should be instituted in all PCR laboratories as soon as possible.
2.19 The committee recommends that each laboratory performing PCR conduct validation studies on an appropriate

number of well characterized test samples and maintain appropriate records of such test results.
2.20 The development of validation panels for distribution to PCR laboratories by the private sector, NIH, and CDC

is recommended.
2.21 The development of standardized reagents and controls in the form of commercial kits is encouraged.
2.22 The immediate initiation of a proficiency testing program for PCR is recommended.
2.23 The application of PCR, in combination with other tests, to the diagnosis of infants born to seropositive

mothers is recommended. Additional studies on the use of PCR in the first 3 months of life are needed.
2.24 The use of PCR for retroviral diagnosis in "high risk" seronegative adults is not recommended as a routine

procedure.

2.25 The use of PCR for the resolution of indeterminate serology in adults is not recommended as a routine
procedure.

2.26 PCR may be helpful in the diagnosis of rare individuals with defective antibody production.
2.27 PCR is useful for the differentiation of viral sub-types (e.g., HTLV-I/I or HIV-1 vs HIV-2).
2.28 The determination of viral burden by PCR may be helpful in the prognosis of HIV disease. However,

quantitative PCR requires complex procedures which are not established in most laboratories.

2.29 The use of PCR to monitor the effects of antiviral therapy on viral burden is an important area of future study
but has not been validated at this time.
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ROOM: EMPIRE C
TIME: 8.30 TO 10:00 AND 10:45TO 12:00,WEDNESDAY,MARCH 6, 1991
CHAIR: Jonathan M Kagan, Ph.D., Chief, Clinical Sciences Section, Treatment Research Program,

Division of Acquired Immunodeficiency Syndrome (AIDS), National Institute of Allergy and
Infectious Diseases, National Institutes of Health, Bethesda, Maryland

MEMBERS: A Russell Gerber, M.D., Center for Infectious Diseases, Centers for Disease Control, Atlanta,
Georgia; Janet K A Nicholson, Ph.D. Center for Infectious Diseases, Centers for Disease
Control, Atlanta, Georgia (Rapporteur);

TOPICS: Quality assurance; Training; Monitoring antiviral therapy; Reporting criteria and interpretation;
Disease staging

I RECOMMEMNDATIONS

3.01 Each public health laboratory should evaluate the need to establish flow cytometry capability based on an
assessment of criteria including: prevalence of HIV infection and cumulative incidence of AIDS within the area
served, ability to monitor and evaluate the quality of flow cytometry and pertinent hematology results, cost
effectiveness, and the availability of other early HIV intervention services. Additional data are needed before
specific recommendations can be made on non-retroviral public health and environmental applications of flow
cytometry.

3.02 Flow cytometry training should be mandatory for all relevant personnel including instrument operators,
laboratory supervisors and laboratory directors.S (a) All instrument operators should, in addition to flow cytometer manufacturer's training, receive

supplementary training through additional courses or workshops offered by independent organizations.
In-house training at experienced laboratories may be an acceptable alternative.

(b) Clinical flow cytometry training courses for laboratory directors and supervisors should be developed.
(c) The ASTPHLD recommends the development of certification programs for laboratory technicians

trained in flow cytometry.

(d) The ASTPHLD recommends the development and implementation of accreditation standards for all
training courses and workshops in clinical flow cytometry.

3.03 The ASTPHLD should assemble and make available updated information on clinical flow cytometry training
courses and workshops.

3.04 Before accepting specimens for clinical flow cytometric analysis, each laboratory must have in place a
comprehensive quality assurance protocol that includes standardization, quality control procedures, and
proficiency testing.
(a) Standardization of instrument optical alignment, spectral sensitivity, and fluorescence compensation

must be performed daily.
(b) Quality control includes daily monitoring and recording of instrument performance and cell preparation

methodologies. Reagent stability should be assessed with lot changes and as otherwise needed.

(c) Proficiency testing within a nationally recognized program on a quarterly basis is required as an integral
component of comprehensive quality assurance.

3.05 The ASTPHLD endorses the National Committee for Clinical Laboratory Standards (NCCLS) Proposed
Guideline, H42-P, Clinical Applications of Flow Cytometry: Quality Assurance and Immunophenotyping of
Peripheral Blood Lymphocytes.
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3.06 The determination of absolute counts for lymphocyte subsets requires both hematologic and flow cytometric
meitsures.
For benatologic measures:

(a) Determination of the absolute lymphocyte count requires both a white blood cell count (WBC) and
a differential (including percent lymphocytes). The ASTPHLD endorses the NCCLS Tentative
Standard (1984), H-20T, Leukocyte Differential Counting. The optimal specimen for these
hematologic measures is EDTA-preserved whole blood (lavender top tube) less than six hours old.

(b) Recognizing that laboratories may receive hematologic specimens more than 6 hours old, the
ASTPHLD recommends consideration of the following options:
(1) Hematologic analysis may be performed within six hours locally and a second specimen

(drawn simultaneously) for flow cytometry may be transported to the flow cytometry
laboratory. It may be desirable to obtain a fresh smear for quality assurance.

(2) Laboratories can verify the maximum age of specimens for which hematologic results are
comparable to fresh specimens.

(c) The laboratory performing the hematology should maintain a documented intralaboratory coefficient
of variation less than five percent for the white blood cell (WBC) count.

(d) Laboratories should evaluate and characterize intralaboratory bias and establish confidence intervals
for the WBC and the differential lymphocyte counts.

(e) Automated differentials are strongly recommended. Manual differentials should count at least 400
cells.

For flow cytometric measures:
(a) The optimal specimen for lymphocyte immunophenotyping by flow cytometry is either an EDTA-

preserved whole blood specimen less than six hours old or an heparinized whole blood specimen up
to 24 hours old.

(b) Recognizing that laboratories may receive suboptimal (old) flow cytometric specimens, ASTPHLD
recommends that laboratories verify the maximum age of specimens for which immunophenotyping
results are comparable to fresh specimens.

(c) Optimally, specimens should be maintained at room temperature (18-22 C) until tested.
3.07 Whole blood lysis and two-color immunofluorescence are the methods of choice for flow cytometric

immunophenotyping.
3.08 The ASTPHLD recommends the following two-color monoclonal antibody panel for routine

immunophenotyping:
Monoclonal Antibody Combination S Cell Type Enumerated

1. IgG IlgG 2 Isotype controls
2. CD45/CD14 % lymphocytes in gating region b

3. CD3/CD4 T-helper/inducer subset '
4. CD3/CD8 T-suppressor/cytotoxic subset C

5. CD3/CDl6 + CD56 Total T cells/Total NK cellsd
6. CDl9 Total B-Cells

FITC/PE-labeled reagents
b Lymphocytes will be CD45 t'CD14'"
C Indicated cell type will be positive for both antibodies
d Total T cells = all cells expressing CD3; Total NK cells all cells which are CD3

negative but Positive for CDI6 and/or CD56.
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3.09 Lymphocyte light scatter gates must be validated by anti-CD45 (pan-leukocyte) and anti-CD14 (monocyte)
reactivity.
(a) Optimally, non-lymphocyte contamination within the gate should not exceed 5 percent. 85% is the

lower limit of acceptable lymphocyte representation in the lymphocyte gate.
(b) At least 95 percent of lymphocytes should be contained within the light scatter gate.

3.10 Lymphocyte subset percentage values from the flow cytometer should be corrected by dividing the observed
percentage by the percentage of lymphocytes (CD45 *4 CD 14 '" in the lymphocyte gating region.

3.11 For most specimens, the total of the corrected CD3P" (Total T), CD19- (Total B), and CD3- p

CD56 ' k &/or CD16 -w- (Total NK) percentages should sum to between 95 and 105 percent.
3.12 Each laboratory must establish age- and population-appropriate reference ranges in accordance with validated

statistical criteria. It should be noted that pediatric reference ranges may differ substantially from the reference
ranges for adult populations.

3.13 The manufacturers of flow cytometry instrumentation and reagents are urged to cooperatively expedite the
development of:
(a) Improved lymphocyte gating reagents
(b) Automated sample preparation technology
(c) Flow cytometers capable of determining absolute numbers for lymphocyte subsets
(d) Improved laboratory quality control reagents
(e) Anticoagulants and preservatives suitable for both hematologic and flow cytometric measurements

3.14 Laboratory reports should optimally include lymphocyte subset percentages, absolute values and laboratory
reference ranges.
(a) Laboratory reports should specify the immunophenotype (CD designation) for all lymphocyte subsets

reported therein (e.g., T-helper/inducer = CD3 Pi1"/CD4 -ui1).
(b) Values for lymphocyte subsets should be corrected for the lymphocyte representation in the gating

region.
(c) Absolute values for lymphocyte subsets should be reported unless hematologic results are suspect.

3.15 The ASTPHLD strongly supports efforts by the Centers for Disease Control to establish a national lymphocyte
immunophenotyping performance evaluation program including training and education programs.

3.16 The ASTPHLD strongly supports the efforts of the NCCLS and the NIAID Flow Cytometry Advisory
Committee in setting standards for clinical flow cytometric immunophenotyping.

3.17 The ASTPHLD encourages the development of alternative (non flow cytometric) methods for the enumeration
of CD4 + lymphocytes.

3.18 The ASTPHLD endorses universal precautions and the flow cytometry safety guidelines outlined in NCCLS
document H42-P, Clinical Applications of Flow Cytometry: Quality Assurance and Immunophenotyping of
Peripheral Blood Lymphocytes.
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ROOM: EMPIRE A/B
TIME: 1:30 TO 3:00,WEDNESDAY,MARCH 6, 1991
CHAIR: Chyang Fang, Ph.D., Director, National Reference Laboratory for Infectious Diseases, American

Red Cross, Rockville, Maryland
MEMBERS: J Richard George, Ph.D.,Chief, Developmental Technology Section, Centers for Disease Control,

Atlanta, Georgia; Jonathan Kaplan, M.D., Retrovirus Diseases Branch, Centers for Disease
Control, Atlanta, Georgia; Helen Lee, Ph.D., Director, Transfusion Biology Research and
Development, Abbott Laboratories, North Chicago, Illinois (Rapporveur); Roy Stevens, Ph.D.,
Director of Laboratories for Diagnostic Immunology, New York State Department of Health,
Albany, New York; Barbara Werner, Ph.D.,Director, Clinical Investigation and Virology, State
Laboratory Institute, Boston Massachusetts

TOPICS: HTLV-I and HTLV-II differentiation; Confirmation methodology and criteria for HIV-1/HIV-2
and HTLV-/II; HIV-l/HIV-2 combination tests; Rapid testing methods

]1 RECOMMENDATIONS

4.01 We encourage manufacturers to develop second generation confirmatory tests to replace the current WB/RIPA
procedures with assays utilizing recombinant proteins and/or synthetic peptides in formats that allow objective
reading.

4.02 The inclusion of p19 + gp46/61 pattern as confirmatory for HTLV-I/II seropositivity should be further
evaluated.

4.03 The utility of p21e in the current confirmation criteria needs to be validated; the specificity of recombinant
p2le, in particular, should be further evaluated.

4.04 Since HTLV-I and HTLV-II infections have different disease manifestations, we recommend that public health
laboratories carry out, if possible, routine differentiation of HTLV-I from HTLV-Il in HTLV-IfII seropositive
samples.

4.05 We encourage the development and evaluation of recombinant and/or synthetic peptide reagents for the
differentiation of HTLV-I from HTLV-H antibodies.

4.06 We recognize that current HTLV-I screening assays will occasionally fail to detect HTLV-II antibodies and
encourage systematic epidemiological and laboratory studies to determine the sensitivity of HTLV-I reagents
for HTLV-II antibody detection. If a sizeable percentage of HTLV-II antibodies are missed, the development
of a more sensitive second generation HTLV assay is recommended.

4.07 National surveillance for HIV-2 infections should be continued.
4.08 HIV-I seronegative or indeterminate persons with AIDS related symptoms or those at risk for HIV-2 infection

should be considered as candidates for HIV-2 antibody testing.

4.09 Upon the availability of HIV-1/2 combination tests, the public health laboratories should consider the
importance of adopting the combination assays based on epidemiological data pertinent to the local area.

4.10 The ASTPHLD Committee On Human Retrovirus Testing should appoint a committee composed of
representatives from public health laboratories and manufacturers to determine the characteristics of standard
HIV-2 confirmatory tests. For example, for Western blot, these would include the virus strain, purification and
processing of antigens, and interpretive criteria.
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DIAOISrreiiie OFg HIV IETO IN NEWBO~IIAJ @RN

ROOM: CHOUTEAU

TIME: 1:30 TO 3:00, WEDNESDAYMARCH 6,1991

CHAIR: Sara Beatrice, Ph.D., Director of Retrovirology and Immunology, New York City Department
of Public Health, New York, New York

MEMBERS: Anne M Comeau, Ph.D., Co-Principal Investigator, Newborn HIV Project, Theobald Smith
Research Institute, Jamaica Plain, Massachusetts; Francis Lee, M.D., Assistant Professor of
Pediatrics, Pediatric Infectious Diseases, Emory University, Atlanta, Georgia; Barbara Weiblen,
M.S. Senior Scientist, Newborn HIV Project, Theobald Smith Research Institute, Jamaica Plain,
Massachusetts

RAPPORTEUR: James Conroy, Research Scientist, New York State Department of Health, Albany, New York

TGPICS: Flow Cytomietry; Polymerase chain reaction and Culture Assays; ELISPOT and In Vitro Assays;
IgA and Other Serologic Assays

I RECOMMENDATIONS

5.01 The committee recommends the continuation of prospective studies for evaluation of relevant tests for the early
diagnosis of infection especially to identify rapid progressors. Prospective studies should include comparison
analysis of PCR, culture, Elispot and HIV specific IgA antibodies.

5.02 PCR appears to be the most sensitive test for diagnosis of HIV infection in the first three months of life.

5.03 Negative results obtained on specimens from infants less than one month of age must be regarded as tentative.
Additional specimens should be tested from these infants at ages greater than one month. Positive results
obtained within the first month of life must be confirmed with tests on an independent specimen as soon as
possible (preferably in the first two months of life). All positive PCR results regardless of age should be
confirmed with tests on an independent specimen.

5.04 Virus culture is an effective tool for diagnosis of HIV infection in young children. A negative result does not
rule out infection; a positive result should be confirmed.

5.05 ELISPOT is a promising new test for the diagnosis of infection in infants in the first 3 months of life. It may
complement PCR testing during the neonatal period. The committee recommends further testing on early
specimens to evaluate its predictive value.

5.06 IgA HIV antibody tests are of limited diagnostic value in neonates but may be positive by three months of age.
Because the IgA test is a simple modification of existing technology, it may be useful as a supplemental test
in regional laboratories.
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ROOM: EMPIRE C
TIME: 1:30 TO 3:00, WEDNESDAYMARCH 6, 1991
CHAIR: Dale Lawrence,M.D., Chief, Clinical Development Section, Vaccine Research and Development

Branch, Basic Research and Development Program, Division of AIDS, National Institute of
Allergy and Infectious Diseases, Rockville, Maryland

MEMBERS: Susan Mottice, Ph.D., Director, Microbiology, Utah State Health Department, Salt Lake City,
Utah; Lt. Col. Chester Roberts, Ph.D., Chief, Diagnostic Retrovirology, Walter Reed Army
Institute of Research, Rockville, Maryland; Judith Wethers, M.S., Director, Testing Services,
Retrovirology Laboratory, State of New York Department of Health Laboratories, Albany, New
York

RAPPORTEUR: Keith Lawrence, Administrator, New York City Department of Health, New York, New York
TOPICS: Reporting; Testing of vaccinated individuals

RECOMMENDATIONS

6.01 This workshop reaffirms the reporting procedures recommended by the 5th Consensus Conference, with the
addition by reference to Section 9.02.f.Item2:
"A narrative laboratory interpretation, including a reference to immune response elicited by vaccines."

6.02 We welcome the drafting by CAP of anti-HIV test reporting guidelines and encourage all ASTPHLD attendees
to review and provide feedback to CAP.

6.03 Persons interpreting Western blot tests should be aware that participation by initially seronegative volunteers
in clinical trials of HIV/AIDS vaccines will likely result in the acquisition of detectable immune responses to
HIV. These responses may include the development of a positive ELISA test and Western blot bands reflecting
the antigenic formulation and immunogenicity of the vaccine. Some vaccines may induce Western blot bands
which meet published criteria for a positive test.

6.04 During succeeding years, the testing of various types of vaccine formulations can be anticipated. To preclude
misclassification of a vaccinated volunteer with a positive HIV antibody test result as infected, it will be
necessary that interpretation take into account the past H1V vaccine immunization history.

To assist in this, the following procedures should be implemented by HIV/AIDS vaccine investigators:
a: At the conclusion of a trial, volunteers should be provided with information on the vaccine

formulation(s) administered along with, as a minimum, the results of their ELISA and Western blot
tests post-vaccination.

b: Participants should have long-term accessibility to this information with safeguards to protect
confidentiality.

6.05 The NIH is supported in its effort to develop for publication, in concert with the CDC and other relevant
agencies, an MMWR advisory acknowledging the unique circumstances surrounding HIV/AIDS vaccine study
participation.
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I
(The presenter is listed in bold print.)

1 J E Johnson
Comparison of Whole Cell Viral Lysate (VL), Synthetic Peptide (SP), and Recombinant Protein (RCP)
EIA's for Detection of HIV-1 Antibody

2 J P Montana, L Gosting, C A Cole, N Monji, P Su, P F Coleman
Detection of Antibodies to HIV-1 and HIV-2 by a Single, Rapid Peptide-Based Immunoassay

3 C Ferera, N Dock, J Huprikar, J Phair, M Kreiger
Use of a Peptide-Based, Rapid Immunoassay for Antibody to HIV-1 to Clarify True Antibody Status
of EIA Repeat Reactive, Western Blot Indeterminates

4 W Link
Effect of Non-Specific Glycoprotein Bands on Interpretation of HIV-1 Western Blots

5 Brigitte P Griffith, Thomas M Chacko
Comparative Performance of Peptide, Recombinant and Viral Lysate Based Enzyme Immunosorbent
Assays for the Detection of HIV-1 Antibody

6 Emerson W Chan, Werner Schulze, Michael Leuther, Kevin Knigge
Monitoring IgG, IgA, and IgM Responses to HIV-1/HIV-2 Infections by Modified Abbott Matrix
Assays

7 Susan Pederson, L J Croy, L Adams, S Cobel, C Ferrera, M Krieger, K Shriver
Development of an Enzyme Immunoassay for Simultaneous Detection of Antibodies to HIV-1 and
HIV-2

8 K Richards
Performance of the Microtrak HIV-1 (env & gag) Recombinant Antigen Enzyme Immunoassay -
Summary of Field Trial Data

9 Barbara G Werner, Charles Schable, Monica Krieger
HIV-2 Infection in a Patient Screened HIV-1 Negative

10 J Gregg, C Ludvigsen, B Roberts
Detection of Antibodies Directed to HIV-1 in Oral Mucosal Transudate

11 Cynthia K Cossen, Shirley J Hagens, Michael Ascher, M. D., Patricia Stewart, Monica Krieger, Ph.D.
Use of a HIV-I/HIV-2 Combination EIA Test with Dried Blood Spot Samples

12 Cynthia K Cossen, Shirley J Hagens, Michael Ascher, M. D.
A Comparison of Three HIV-l Western Blot Methods

13 B Forghani, J Hurst, C Chan
Study of Nonspecific Immunofluorescence of Repeat EIA HIV-I Reactive Sera using HIV-1 Persistently
Infected HeLa T4+ Cells



14 C Starkey, B Yen-Lieberman, M Proffitt
Evaluation of the Cambridge BioScience Recombigen HIV-1 EIA as a Supplementary Test for
Detection of Antibodies to Human Immunodeficiency Virus Type I

15 M Proffitt C Starkey, B Yen-Lieberman, D Hatch, S Schindler
Serum HIV p24 Antigen Testing of Individuals at Risk of Having Been Infected with HIV-1

16 M T Ramirez, N S Swack, W J Hausler, Jr
Reactivity of 6 Commercial HIV-1 EIA Test Procedures on Western Blot Indeterminate Sera

17 Martha ARedus, Shari Wasser, W Harry Hannon, J Richard George, Marta Gwinn, George F Grady, Lynne
M Mofenson

Estimates from the National HIV Survey in Childbearing Women

18 Joseph S Niedbalski, Steven J Dahlen, Brian P Braun
Matrix HIV-I/HIV-II: a New Alternative to the Western Blot

19 J H Jean, S Dee, D Phillips, K Hurley, M P Verma, J C Ridderhof
Evaluation of Microtrak HIV-I EIA (env & gag) Test with Selected Specimens

20 Richard T Schumacher, J Howard, L Ayres, A Pista, F Avillez, P Garrett
Cross-Reactivity of Anti-HIV-2 Positive Specimens in FDA Licensed Screening Tests for Anti-HIV-1

21 G David Cross, W 0 Schalla, S 0 Blumer, J S Hancock, R N Taylor, A R Gerber, T L Heam
Inter-Shipment Reproducibility of Laboratories Participating in a Performance Evaluation Program

22 Susan L Strainer, Cheryl J Mitten, Mary B Mathieu, Jeannie L Shenaut, Xiomara Alcade, Jean Pierre
Allain, Charles Schable, Richard Schumacher

A Combination Anti-HIV-I/HIV-2 ETA Using Both Viral and Recombinant Antigens

23 J A Connell, J V Parry, P P Mortimer
IgG Antibody Capture Elisa A Diagnostic Test for Anti-HIV Applicable to All Body Fluids

24 J A Connell, J V Parry, P P Mortimer
GACPAT: A Tool for Unlinked Testing of Urine Specimens

25 K M Peddecord, A S Benenson, D P Francis, D J Hewitt, R S Garfein, L K Hofherr, A R Gerber, G D
Cross, W 0 Schalla

What do Human T-Lymphocyte Immunophenotyping Reports Contain? Results of a Case-Series

26 E Oluoch, Susan Pederson, J Schwebke, K Holmes, J Kleyn, D A Caslyn, A J Saxon, S Whittaker, L
Olmsted, R Masinovsky, K Shriver

PCR Analysis of Intravenous Drug User Samples Reactive with HTLV-I and HTLV-II

27 Anne M Comeau, Barbara Weiblen, Jo-Ann Harris, Ken McIntosh, Rod Hoff
Analysis of Early Infant Specimens by the Polymerase Chain Reaction (PCR) for the Detection of HIV-
I Proviral DNA

28 Anne M Comeau, Galina Mushinsky, Karl Adler
Analysis of PCR Sensitivity Using DuPont HIV-1 P21 Repliprimers and DNA Titerplate Hybridization
System

29 J AckennaA W Link
Effect of Including gp2l in Interpretation Criteria for HTLV-I Western Blot



30 H F Polesky, M Hanson
Practice Guidelines for Reporting HIV Test Results

31 Mark E Schwerzler, Barbara Weiblen, Barbara Werner, Monica Krieger, George F Grady
HIV-2 Infection in Child-bearing Women Detected by Newborn Screening

32 M Dobec, J A Wilhelm, R Baumgartner, M Jung
Differentiation of HTLV-I and II Infections using IFA

33 Barbara Weiblen Anne Comean
Early Diagnosis of HIV Infection in Infants by Detection of IgA and IgM HIV Antibodies

34 Sharon 0 Blmner, William 0 Schalla, G David Cross, John S Hancock, Roger N Taylor, A Russell Gerber,
Thomas L Hearn

Evaluation of the Performance of Laboratories that Test for Human T-Lymphotropic Virus Antibodies

35 A Russell Gerber, G David Cross, William 0 Schalla, John S Hancock, Sharon 0 Blumer, Thomas L Heam
Evaluation of Laboratory Performance of T-Lymphocyte Immunophenotyping in Support of Early HIV-
1 Intervention and Prevention

36 Dana Gallo, Peter J Dailey, Carl V Hanson
Antigenicity of New HTLV-II-Infected Cell Lines Derived from California IVDU

37 T C Granade, B Parekh, S Phillips, C-P Pau, M Redus, M Gwinn, J R George
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Summary

Diagnostic tests are usuhily evaluated in termns of simple qualitative measures of
sensitivity and specificity. When comiparinig different quantitative assavs such asSELISAs. it is often more useful to deal withl actual values (samlple optical dJen-
sity/cut-off optical density ratio (OD ratio)) rather than thle qualitative relation-
ship to the cut-off, i.e. positive or negative, I his allows, for a statistical approach
to the questions of sensitivity and specificity. "I lie National I IIV Reference Lab-
oratoryp*f Australia has developed all aippioach Ini deteriinielp 'lalit ktjrl rstil

mates of sensitivity and specificity in terms of delta ( ) Dc)lta is (lefirled as thle dis-
tance of the mean OD ratio of the sample population front thle cut-off measured
in standard deviation units. This palper discusses the derivation of this mleasure-
ment and its usefulness when evaluating ELISA tests.
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Introduction

In Australia, the responsibility for evaluating diagnostic test.- for I IIV infection
falls upon the National Reference Laboratory (NRL) located at Fairfield I lospital,
Melbourne. In the course of evaluating a number of enizyme linked irtununlosor-
bent assays (ELISA) it became clear that mnethods of coniparison.ii traditional iin
the field of serology, were unable to reliably distiniguish tests of high specificity 111if
sensitivity, and that new methods of analysis 'veice rcpircid.
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The two most common problems encountered with evaluations of ELISA tests
are failure to consider the effects of sample size, and the selection of a sample that
is unrepresentative of the population in which the test is to be used.

Failure to consider the effects of sample size has greatest effect when attempting
to rank or distinguish between tests of high sensitivity and specificity. When con-
sidering sampling error and the confidence limits for the sensitivities and specific-
ities, there often is no statistically significant difference between the estimates ob-
tained for the different tests being evaluated due to an inadequate sample size.
For example, to distinguish between tests having specificities which differ by 0.1%
with any degree of statistical confidence, more than 15 000 specimens would need
to be tested. In addition, information is lost when analysing data from evaluations
in a qualitative manner since the individual readings for each sample are ignored
by treating all positive (and negative) results as equivalent. The answers to im-
portant questions when evaluating ELISA assays can only be obtained by analys-
ing actual test values. For example. do the false positive samples have readings
close to the cut-off? If they do, and if the test shows a clear separation of the read-
ings for the antibody positive and negative samples then the problem with the test
is simply to do with the position of the cut-off; if it were to be slightly adjusted,
the test might appear extremely good. Alternatively. do the false positive readings
lie in an area where most of the positive results also lie? If this is the case, the test
is fundamentally flawed. A method of analysing the effect of different settings of
the cut-off is the Receiver Operating Characteristic (ROC) curve which has been
applied in many settings (Swets and Pickett, 1982; Lusted, 1971).

Alternative approaches
To establish how a quantitative assay performs on a particular sample of spec-

imens. or to compare different assays on one sample of specimens, it is more use-
ful to deal with actual values than their qualitative relationship to the cut-off. This
allows a statistical analysis of test efficacy which uses all information produced by
an evaluation.

The statistical approach, which has been used by some workers (Weiss et al.,
1985), is often marred by the assumption that the results are normally distributed.
This assumption often underlies methods of calculation of the cut-off for a partic-
ular test, for example, the mean of the negatives plus three standard deviations.
If the distribution of results is non-normal, this approach can give very misleading
results. The ELISA methodology gives a sigmoidal response curve when optical
density is plotted against concentration of antibody. When this test method is ap-
plied to a population in which antibody concentrations are normally distributed,
the resulting curves tend to be log normal. If appropriate transformations are not
performed before summary analysis, results can be misleading.

It would, however, be useful to have a method of analysing quantitative diag-
nostic tests which can be easily summarized in meaningful parameters. The ROC
curve fulfils these criteria (Staquet et al., 1980), but does not immediately dem-
onstrate important relationships to the non-statistician. Here we outline an ap-
proach developed at the NRL, for evaluations of anti-HIV screening tests.



54

Approach developed at the NRL
Most evaluations have consisted of testing panels of specimens 'known' (on the

basis of information derived from a variety of clinical and serological sources) to
be positive for antibody to HIV. obtained from subjects with as wide a spectrum
of disease and from as diverse epidemiological groups as possible; and of speci-

•mens 'known' to be negative for anti-HIV. again from as representative a sample
as possible.

When these panels are tested by indirect ELISA, and the frequency of results
of a particular reading are plotted against that reading, curves of the general shape
shown in Fig. 1A are obtained. In fact, each represents a family of curves, because
a different curve is generated for each test run; there is a shift to left or right along
the x-axis, due to variation in the cut-off value which varies from run to run. The
distribution of positive results should extend far to the right of the graph (Fig. IA.
-A-) but because there is often an upper limit to the readings obtainable with
ELISA readers, it may be compressed to the left (Fig. IA. -+-). Plotting the var-
iation (shift) between runs is a useful quality control device, but for evaluating tests
it is more satisfactory to standardise each reading by assigning the cut-off an ar-
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Fig. 1. Diagrammatic representations of curves obtained by plotting values produced by testing by
ELISA populations of known negatives (.o-) and known positives (-A-); A. B and C as percentages.
D as cumulative percentages; a - false posmtive rate. b - false negative rate. The expected OD values
for positive samples (-A-). Compressed OD values for positive samples obtained from ELISA readers

(-+ -) (see text).



bitrary value of 1, and plotting each reading in relation to this value. When this is
done all the curves can then be treated as one population. This standardisation is
normally performed by dividing each reading by the cut-off; this produces an OD
ratio for each sample tested.

Comparisons between curves can then be made. Plotting frequency of results
against ratio produces curves with similar shapes as previously, but standardised
against the same reference point (Fig. iB).

Two problems remain with these standardised curves: firstly, it is often difficult
to fit positive and negative results on the same graph (because the spread of po-
sitives is so much greater than that of the negatives) and secondly the curves are
generally log normal or approximately log normal. The simple answer to both
problems is to change the ratio from a linear to a logarithmic scale (Fig. IC); this
brings the two distributions onto one graph and 'normalises' most of the curves
(i.e. they become symmetrical about their means). so that they can be described
satisfactorily by their meanN) and standard deviation (S).
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Fig. 2. Separation of negative and positive test populations using mean criteria only. Representation
of curves obtained by testing_populations of known negatives (.-) and known positives (-A-) by two
different ELISAs. A and B; XA _ = mean of negatives for kit A; XA+ , mean of positives for kit A.
X = mean of negatives for kit B: X@., = mean of positives for kit B: d, = distance between means

for kit A. da - distance between means for kit B.
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The same data can also be presented as cumulative percentages (Fig. ID). Both
these latter approaches (Fig. IC, D) demonstrate clearly how effectively the test
separates the positive and negative populations. and illustrate the percentage of
false positive (a) and false negative (b) results which can be expected.

It would be convenient to have a single measure which summarises how effec-
tive a test is at separating positive and negative populations so that different tests
could be rated by a single figure. One such measure might be the difference be-
tween the means of the positive and negative populations on the assumption that
the greater the difference, the better the kit is at separating the two populations.
This measure is not reliable as it fails to take into account differences in the dis-
tribution of results which may be obtained with different tests as shown in Fig. 2.
In this example both kits produce the same value for the difference between the
means of the antibody positive and negative populations; however, kit B is ob-
viously the better test as there is no overlap of the two populations.

A measure which takes into account the spread of results as well as the distance
between means. is the 'index of detectability' (d') (Lusted, 1971); this is denoted
by Armitage as 'Delta' (.1) (Armitage, 1971).

This measure requires two assumptions; that the distributions are normal and
that the vanances of the two distributions are approximately equal. While the first
assumption is met when ELISA generated curves are log transformed, the second
is rarely met.

Because of this we are forced to use two measures - one for the positives and
one for the negatives - to describe the efficacy of the test fully. These measures
we call 'delta' (6) measures; they are defined as the distance of the mean of the
distribution from the cut-off in standard deviation units (Fig. 3). Thus delta for the
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Fig. 3. Separation of negative and positive test populations using mean and standard deviation cnterij
Representation of distributions of log OD ratios obtained by testing populations of known negat:"',
(-Z-) and known positives (-A-). X_ = mean of negatives; X. = mean of positives: d- = distance from
mean of negatives to cut-off; d. - distance from mean of positives to cut-off; S_ = standard deviat O.
of negatives; S. = standard deviaion of positives; b = delta, the distance of the mean of the sampl"
population from the cut off in standard deviation units. Delta (o positive samples: b_ = d.S-
X./S.. Delta for negative samples: 8- - d_/S_ -
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negative population, 8- - 8-/S-; as the cut-off is defined as zero, this is equivalent
to &_ = /S-. Similarly, the delta for the positive population. 6. = d /S. = X/S.

The advantages of expressing results in these terms, graphically and with the
summary measure of 8, and b- for the test. lie in the immediate ease of compar-
ison of the ability of the test to distinguish positives from negatives and the cor-
rectness of the placement of its cut-off, and the fact that delta measures take into
account each individual reading, and thus statistically summarise the results more
accurately than do the traditional qualitative measures of sensitivity and specific-
ity.

In addition, if a panel of specimens is tested with a particular kit. the mean and
95% confidence limits derived from the log distribution can be plotted on a linear
scale as a Hi-Lo graph. This method is particularly useful for comparing the results
obtained by a variety of tests on the same panel of sera and for quality control
purposes. Fig. 4 shows the steps involved. With this style of presentation. three or
more distributions can be depicted for comparison, and separation between posi-
tive and negative populations easily seen.

The delta value is particularly useful when attempting to distinguish between tests
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Fig. 4. Hi-Lo graph presentation. Representation of steps involved in forming Hi-Lo graphs on a lin-
ear scale from linear distribution of positives (-A-) and negatives (-C-) derived from ELISA testing.
taking account of log normalisation. Step i: A-B log transformanon of OD ratio data: Step 2: B-.C
mean and 95% confidence limits of log transformed data: Step 3: C-,D conversion to linear scale of

mean and 95% confidence limits.
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of high sensitivity and specificity. For example two ELISA tests. each correctly
classifying all antibody positive and antibody negative samples of a coded panel of
sera, would both be reported as showing 100% sensitivity and specificity. How-
ever, test A gave a delta of 4.60 for the antibody positive samples (i.e. b. 4.60)
whereas test B produced a delta of 3.01 for the same samples (i.e. 8 3.01). Ac-
cording to statistical tables, the probability of test A is 99.99% for correctly iden-
tifying an antibody positive sample whereas test B has a probability of 99.87% for
obtaining the correct result. There is less chance of test A producing a false neg-
ative result (0.01%) than test B (0.13%) when testing the same population.

The relationship of delta and the probability of a test producing the correct re-
sult can similarly be applied to the data for the antibody negative samples of the
serum panel tested by both assays mentioned above. The test with the largest value
for 8- would be the test with the highest probability of obtaining the correct result
when testing antibody negative subjects and the assay with the least chance of pro-
ducing a false positive result.

Therefore. 8. determines the probability of obtaining the correct result when
testing antibody positive samples and can be viewed as a statistically derived es-
timate of sensitivity and 8- determines the probability of obtaining the correct re-
sult when testing antibody negative samples and can be viewed as a statistically
derived estimate of specificity.

The values of these principles in the evaluation of both first and second gener-
ation assays for anti-HIV is demonstrated in the following paper (Maskill et al..
1988).

Conclusion

Several principles of evaluation of diagnostic tests must be taken as axiomatic.
These include consideration of sample size; consideration of what use the test will
be put to, from which comes knowledge of what population it will be used in; and
thus guidance in forming evaluation samples so as to be representative of this pop-
ulation.

With these requirements satisfied, it is important to consider the internal dy-
namics of the test, and thus the meaning of the results in relation to the biological
characteristics they are derived from. Analysis and presentation of results of eval-
uations should then attempt to reflect these dynamics, and make cOear the rela-
tionship between test and phenomena described. It is hoped that the method de-
scribed in this paper will assist others in achieving these goals.
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Summary

Two competitive anti-HIV ELISA screening assays (Behring and Wellcozyme)
and two second generation assays using antigens generated by recombinant DNA
technology (Abbott) and synthetic peptides (Biochrom) were evaluated against
common panels of anti-HIV positive sera and sera known or thought likely to give
false positive reactions. The assays were also tested on fresh sequential blood do-
nations. Conventional estimates of sensitivity and specificity did not reveal a sig-

nificant difference between the assays. Statistical analyses using logi0 transformed
data to determine delta values (the distance of the mean optical density (OD) ra-
tio from the cut-off measured in standard deviation units) showed the Abbott as-
says to have the highest probability (>99.99%) of detecting anti-HIV positive
samples and the Behring assay as having the highest probability (>99.99%) of cor-
rectly identifying anti-HIV negative specimens. The combined data from conven-
tional estimates of sensitivity and specificity and delta values suggests that the Ab-
bott assay is the test of choice for screening purposes.

Anti-HIV; ELISA; Evaluation; Delta

Introduction

Since the discovery of the human immunodeficiency virus (HIV), the causative
agent of the acquired immunodeficiency syndrome (AIDS), many tests for the de-
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tection of antibody to this virus (anti-HIV) have been developed and introduced
into clinical practice (Weiss et al.. 1985: Maskill et al.. 1986).

The first generation screening tests were almost exclusively enzyme-linked im-
munosorbent assays (ELISA) in which disrupted virus particles were bound to a
solid phase (usually the well of a microtitre plate) and the presence of antibodies
in test sera detected by direct binding of labelled anti-human antibody.

Although these tests have achieved sensitivities and specificities in excess of 99%.
because of the scale on which these tests are used in blood banks. false positive
results, though rare. have major implications. These include permanent deferral
of potential blood donors (even though the results of screening tests cannot be
confirmed by supplementary assays), and the need to utilize a range of expensive
supplemental tests to assist in the management of subjects who may or may not
be infected (Kuhnl et al., 1985: Crofts and Gust. 1987). Many first generation as-
says have also shown inadequate sensitivity especially for specimens taken at the
early stages of infection (Saah et al.. 1987).

A need therefore exists to develop assays which are more specific than the first
generation of screening tests and are capable of detecting antibodies in tle early
stages of infection.

Two approaches have been followed in the development of improved assays.
Firstly, indirect ELISAs have been replaced by competitive ELISAs in which pa-
tients' antibodies compete with labelled human anti-HIV for binding sites on HIV
antigen fixed to a solid phase (Cheinsong-Popov et al., 1984). Secondly, purified
viral lysates have been replaced by synthetic peptides (Gnann et al., 1987y or by
antigens generated by recombinant DNA technology (Frosner et al., 1987).

We have evaluated four of the latest anti-HIV screening assays to become avail-
able in Australia. which represent each of these approaches. The assays are the
Abbott recombinant HTLV-III EIA (Abbott Laboratories. North Chicago. IL).
the Biochrom synthetic peptide anti-HIV EIA (Biochrom Berlin. F.R.G.). the
Behring competitive anti-HIV EIA (Behringwerke AG, Marburg, F.R.G.) and the
Wellozyme monoclonal competitive anti-HIV EIA (Wellcome Diagnostics U.K.).
These evaluations were carried out by a number of Australian Reference Labo-
ratories and Blood Transfusion Services, in a study coordinated by the National
HIV Reference Laboratory (NRL) at Fairfield Hospital. Melbourne.

We present here the results of the evaluations undertaken at the NRL and the
Blood Transfusion Services.

Methods

The strategy of evaluation
Each assay was used to test a coded panel of 600 sera prepared by the NRL.

and 1700-4500 fresh sequential donations in blood transfusion laboratories. Data
from these studies was forwarded to the NRL and analysed using a DEC Microvax
computer and in-house programs developed from Datatrieve (DEC. Sydney. Aus-
tralia).
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The panel
The panel of 600 sera selected by the NRL was made up of duplicate aliquots

of 300 specimens presented under code. This panel comprised sera from 148 anti-
HIV positive subjects which belonged to one of three clinical categories: Category
A. patients with AIDS (50 sera); Category B, patients with clinical or laboratory
evidence of disease. e.g. ARC (71 sera); Category C. infected individuals with no
signs or symptoms of infection nor evidence of deficient cell mediated immunity
(27 sera). Sera were also included from 52 subjects not infected with HIV but whose
sera either had given or potentially could give, false positive reactions on existing
screening assays. Of the 52 sera. 40 had produced false positive EIA results with
existing licensed assays and 12 sera were from patients or individuals in which EIA
false positive reactions are common (patients infected with syphilis, legionella.
brucella, Epstein Barr virus (EBV), herpes simplex virus (HSV), malaria, preg-
nant women, and pools of sera positive for rheumatoid factor. anti-streptolysin 0
(ASO). cold agglutinins. OX Weil-Felix. and a pool of sera which react with only
the p55 band by Western blots (WB), all of which were obtained from healthv blood
donors who had signed a declaration form stating that they were not members of
any group considered to be at risk of infection with HIV). In addition, two sera
not containing antibody to HIV and eight known to contain antibody were pre-
sented neat and in nine doubling dilutions titrated in a pool of normal human sera
(NHS).

Subjects whose sera were included in the panel were designated as infected or
uninfected on the basis of all available clinical, epidemiological and laboratory data
including absolute and differential lymphocyte counts and both screening and sup-

plementary assays for anti-HIV.
Serological analysis included an in-house WB assay using the LAV strain of HIV

cultured in CEM cells (Commonwealth Serum Laboratories. Parkville, Australia)
and three different radioimmunoprecipitation assays (RIP). Two of the RIP assays
used purified '251-labelled p24 viral antigen provided by Dr. L. Arthur (Frederick
Cancer Research Facility, National Cancer Institute, MD. U.S.A.). The remain-
ing RIP assay employed a recombinant 1251I-labelled gp4l viral antigen (Centocor.
Malvern. PA, U.S.A.).

One of the ":I p24 RIP assays and the 125I gp41 RIP assay were performed by
staff of the Medical Virology Division. Institute of Medical and Veterinary Sci-
ence. Adelaide.

Criteria for Western blot interpretation
Sera showing no reactivity or reactivity to non-viral bands were reported as neg-

ative. Sera showing reactivity to any of the glycoprotein antigens (gp4l-45. gp 120.
gpI60) and to at least three other viral proteins (p12. p18 . p24, p3 4 . p40, p53. p55.
p68) were reported as positive. Sera showing reactivity at viral specific bands which
did not fulfill the criteria for a positive were reported as indeterminate.

Performance of the tests
The 600 coded specimens were tested at the NRL by four technicians, with dif-

ferent pairs performing each assay.

I
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In each blood bank, the assays were performed in parallel with the assay that
the blood bank was currently using. Any specimen reactive on either assay was
forwarded to the NRL for further testing.

Each assay was performed according to the manufacturer's package insert. These
are briefly described below:

The Abbott assay utilized a single bead coated with both recombinant DNA
(rDNA) HIV core and envelope antigens derived from an E. coli expression vec-
tor. Coated beads were incubated with diluted (1:40) test sera for 30 min at 40°C,
washed three times with 5 ml of distilled H20, and incubated with goat anti-hu-
man IgG, conjugated with horseradish peroxidase. for 30 min at 40°C. This was
followed by further washing, addition of the substrate (o-phenylenediamine) and
incubation at room temperature for 30 min. The reaction was stopped by the ad-
dition of 1 M HIS0 4 and the optical density read at 492 nm.

The Biochrom assay is a conventional indirect ELISA: however, the antigen im-
mobilized to the solid phase microtitre wells is a mixture of synthetic peptides which
correspond to epitopes of HIV proteins pI8. p24. gp 4 1 and gp120. Diluted sera
(1:40) were added to the wells of microtitre plates and incubated for I h at 37°C.
The plates were washed four times with diluted wash buffer, incubated for 1 h at
37°C with sheep anti-human IgG conjugated with alkaline phosphatase. This was
followed by further washing and the addition of the p-nitrophenyl-phosphate sub-
strate and incubation at room temperature for 30 min. The reaction was stopped
by addition of 3 M NaOH and the optical density read at 405 nm.

In the Behring competition assay, detergent-treated, heat-inactivated viral lys-
ate prepared from a HIV infected H9 cell line was coated onto microtitre well.
Twenty-five microlitres of undiluted test serum and 100 p.i of human anti-HIV
conjugated to horseradish peroxidase were added to each well and incubated for
I h at 37*C. Following 4 washes with diluted wash solution and addition of tetra-
methyldiaminobiphenyl dihydrochloride, the plates were incubaied at room tem-
perature for 30 min. The reaction was stopped by the addition of ,). M H2SO 4 and
the optical density read at 450 nm.

The Wellcozyme competition monoclonal assay differs from the Behring assay
in that viral antigen is prepared from an HIV infected CEM cell line, disrupted by
sonication, inactivated by treatment with 0 -propiolactone, and attached to the wells
of microtitre plates with mouse monoclonal antibody. Test serum (50 IL1) and hu-
man anti-HIV (75 p.1) conjugated to horseradish peroxidase were added to each
well and incubated for 1 h at 45°C. After washing four times with diluted wash
fluid, 3,3',5,5'-tetramethylbenzidine and hydrogen peroxide were added to each
well and the plates incubated for 20 min at room temperature. The reaction was
stopped by the addition of 2 M H2SO 4 and the optical density read at 450 nm.

Data analysis
Data were provided to the NRL in the form of optical density readings and cut-

offs for each plate or run. Optical density (OD) ratios were calculated by dividing
each reading by the relevant cut-off. For the Behnng and Wellcozyme assays the
reciprocal value was calculated.
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The delta (b) values for the anti-HIV positive and negative sample populations
were calculated by dividing the mean OD ratio (logl0 ) by the standard deviation
of each population. This value provides a means of comparing how well the assays
separate positive and negative populations from the cut-off. The higher the posi-
tive delta value obtained with anti-HIV positive sera. the higher the probability
that the test will correctly identify such specimens; similarly, the higher the neg-
ative delta value obtained with a panel of anti-HIV negative sera. the higher the
probability that the test will correctly identify antibody negative specimens. This
measure has similarities to the indices described by Lusted (d') (1971) and Ar-
mitage (A) (1971) but overcomes the problem of dealing with populations having
different variances. For further details concerning this method of analysis please
refer to the previous paper in this issue (Crofts et al., 1988).

The mean end point titre for each kit determined from the titration series is de-
fined as the highest dilution at which the mean OD ratio for all 8 anti-HIV positive
sera was found to be above the cut-off.

Results

The log,0 OD ratio data obtained from the testing of the anti-HIV positive and
negative samples presented in the coded panel and that of the blood donors is
shown in Fig. 1.
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Fig. 1. Distribution of Iogja OD ratios for anti-HIV positive sera (&-A). known and potential false
positive sera (n--). and anti-HIV negative blood donor sera (o-0). A -= Abbott; B ,- Biochrom:

C - Behring; D = Welicozyme.
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With the Abbott and Biochrom assays, an artificial tightening of the spread of
positive results is observed because most ELISA readers do not read above an OD
of 2.0. In the Abbott assay, as all positive readings were at this upper limit, the
variation in results was produced by the minor changes in the cut-off observed from
run to run. For the Biochrom assay, the majority of positive results gave an OD
of 2.0 or greater, producing a similar effect.

Sensiivity
The sensitivity of the four assays was evaluated on a panel of 148 sera obtained

from subjects at various stages of infection with HIV. The results obtained are
shown in Table 1.

The assay using synthetic peptides (Biochrom) found 144 of 148 known positive
sera repeatably reactive, found 1 specimen to be not repeatably reactive and 3 sera
repeatably negative. Each of the repeatably negative sera were from a patient with
Category A AIDS in the terminal stage of the disease. When examined by WB.
these sera were found to have antibodies to only gp4l-45 and p55. The results ob-
tained with the assay which employs antigen generated by recombinant DNA
technology (Abbott Laboratories) were identical to the results obtained in the
Reference Laboratory.

The two assays based on competitive inhibition detected the majority of in-
fected individuals and produced discordant results (between duplicate aliquots ex-
amined under code) in only 5 or 6 of the 148 pairs of sera. Only one serum sample
(from a patient with Category B infection) was found to be repeatably negative by
one of the competitive assays (Behring). This sample. when tested by WB, con-
tained antibodies reactive to all major HIV antigens.

The mean and 95% confidence limits of the OD ratios for sera from each of the
clinical categories of disease are shown in Fig. 2. The largest variation of OD ra-

TABLE 1

Results of testing duplicate aliquots of 148 antibody positive and 52 antibody negative sera

Clinial No. of Results of duplicate tests
cateory tern Abbott Biochrom Behring Wellcozyme

4-+ 4- --- 4-4 +4 .. . +4- 4.- --- +4-4. - --

Infecte
A 50 50 0 0 47 0 3 46 4 0 50 0 0
B 71 71 0 0 70 1 0 68 2 1 67 4 0
C 27 27 0 0 27 0 0 27 0 0 26 1 0

Total 148 148 0 0 144 1 3 141 6 1 143 5 0

Unmi-

(problem 52 0 1 51 1 0 51 0 5 47 0 0 52
sera)
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tios was seen with the Biochrom and Behring assays, both of which also showed a
decline in the mean OD ratio with progression of disease.

The sensitivity and 95% confidence limits for the sensitivity of each assay are
given in Table 2.

The assays were also evaluated for their ability to detect anti-HIV in serially di-
luted sera. Fig. 3 shows the mean and 95% confidence limits of OD ratio values

TABLE 2

Sensitivity of four anti-HIV assays

Kit Sensitivity* 95% C.L.

(%) Lower (%) Upper (%)

Abbott 100.0 98.69 100.00
Biochrom 97.64 95.17 96.86
Behrng 97.30 94.73 98.63
Welcozyme 98.31 96.09 99.28

* Calculated as the percentage of anti-HIV positive aliquots found reactive from the total number of
aliquots tested (296).
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cozyme.

obtained by each assay for each dilution of the 8 sera presented in titration.
Three assays (Abbott. Behring and Wellcozyme) gave mean titres of greater than

1:512 for all 8 sera whereas the remaining assay (Biochrom) gave a mean titre of
1:128.

specificity
The specificity of the 4 assays was evaluated in two ways - by testing a small

panel of 52 'problem sera' thought likely to produce false positive results. and by
testing several thousand freshly collected units of blood.

One assay (Biochrom) found one of the 'problem sera' repeatably reactive. This
specimen was obtained from an individual at low risk of infection and was reactive
by a currently licensed screening assay. The sample showed an indeterminate band
profile by WB. The remaining assays did not misclassify any of these sera. al-
though the Behring assay detected non-repeatable reactivity in one of 5 separate
serum pairs and the Abbott assay detected reactivity in one aliquot of a serum pair
(see Table 1).

The mean and 95% confidence limits of the OD ratios for the 'problem sera'
panel for each kit are shown in Fig. 2D.
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TABLE 3

Initial and repeatable reactor rates from testing blood donations and specificity estimates

Test Donations No. (%) Specificity- 95% C.L.
tested %/Initially Repeatably Lower Upper

reactive reactive*

Abbott 4455 8 (0.18) 1 (0.02) 99.98 99.87 99.99
Biochrom 2981 41 (1.38) 5 (0.17) 99.83 99.60 99.93
Behring 3531 7 (0.20) 1 (0.03) 99.97 99.84 99.99
Wellcozyme 1770 6 (0.34) 4 (0.23) 99.77 99.42 99.91

" None of the repeatably reactive sera tested by Western blot were found positive.
Calculated from the number of donor sera tested minus those found repeatably reactive.

Table 3 illustrates the prevalence of initially reactive and repeatably reactive
specimens detected when large panels of freshly collected plasma specimens from
volunteer blood donors were tested. The frequency of repeatably reactive sera de-
tected by the two competition assays ranged from 0.23% (Wellcozyme) to 0.03%
(Behring) while the figures obtained with the assays based on rDNA (Abbott) and
synthetic peptide technology (Biochrom) were 0.02% and 0.17%, respectively.

None of the blood donor specimens which were found to be repeatably reactive
were positive by WB using the criteria currently recommended by the National
Reference Laboratory. The specificity and 95% confidence limits for the specificity
of each assay are also shown in Table 3.

Delta values
Recently we reported on a new method of comparing the performance of anti-

HIV assays which involves analysis of log-transformed data (see previous paper in
this issue). Briefly the performance of an assay is evaluated on a large panel of
sera from subjects who are known to be infected or known to be free of infection.
The ability of the test to distinguish the two populations is defined by units known
as delta. Delta is the distance of the mean OD ratio of a sample population from
the cut-off measured in standard deviation units.

The delta values obtained for each test for the anti-HIV positive sera from each
of the clinical category of disease, for anti-HIV positive sera of all categories com-
bined (total), for the known and potential false positive reactors and for the blood
donations are given in Table 4.

Discussion

In the present study we report on four of the most recent assays to become
available in Australia which represent two different approaches to improving anti-
HIV ELISA screening assays. These are competition ELISAs (Behring and Well-
cozyme) and second generation tests, which utilize antigens generated by recom-
binant DNA technology (Abbott) and synthetic peptides (Biochrom).

S
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TABLE 4

Delta values produced by each kit for anti-HIV positive and negative serum sample populations

Kit Antibody positive sera Antibody negative sera

A' B" C. Total Problem sera Blood donors

Abbott 72.75 72.92 72.83 72.83 -2.06 -2.64
Biochrom 2.17 6.30 13.37 3.61 -1.56 -1.68
Behring 2.17 2.18 2.76 2.26 -0.90 -5.28
Welcozyme 4.23 3.31 3.10 3.47 -3.03 -3.39

Clinical category of patients from whom sera was obtained.

A comparison of the logl0 OD ratio distributions for known anti-HIV positive
and negative sera and problem sera (see Fig. 1) demonstrates the ability of the
four assays to discriminate between the three populations. The Abbott test pro-
duced clearest separation of anti-HIV positive and negative sera with no overlap
between the two populations. The three other tests (Biochrom. Behring and Well-
cozyme) displayed some degree of overlap due to both repeatable and non-re-
peatable false negative and/or false positive results. In general. non-repeatable re-
sults (i.e. one aliquot found to be positive, the other negative) are due to technical
errors, whereas false positive or false negative results which occur on both occa-
sions are due to biological causes. On this basis, very few biological false negative
results were obtained by the three kits (see Table 1). Western blot analysis of the
repeatable false negative sera suggests that the Biochrom assay may encounter dif-
ficulty with sera which show reactivity predominantly to HIV glycoprotein anti-
gens such as those obtained from AIDS patients at the terminal stages of disease.

The performance of the four assays on the panel of anti-HIV positive sera sue-
gests that the Abbott assay has the highest sensitivity and Behring the lowest (see
Table 2). However, after considering the 95% confidence limits for these sensitiv-
ities, it is not possible in a sample of this size to distinguish or rank the kits from
highest to lowest sensitivity.

The four assays showed some variation in OD ratio values for the sera obtained
from patients at different stages of disease. With the exception of the Abbott and
Wellcozyme assays, which were equally reliable in each clinical category, the per-
formance of the other two tests (Biochrom and Behring) tended to diminish with
progression of disease (see Fig. 2A, B and C).

The data from the titration of eight anti-IV positive sera did not give end point
titres for the Abbott, Behring and Wellcozyme assays but showed a mean titre of
1:128 for the Biochrom assay. The most consistent and reproducible results (as
evidenced by the least variation in OD ratios at each dilution) were obtained with
the Abbott and Wellcozyme assays (see Fig. 3). It should be noted that although
the sera presented in titration represent a variety of different reactivities with dif-
ferent WB profiles, the results are not generalizable because it is not known how
representative such sera are. Also, end point titre estimated on a few sera does
not necessarily mirror the ability of an assay to detect antibody in patients early
in the disease (Chenebaux and Delagneau, 1986).
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Each assay performed well on the *problem sera' which either had given or were
thought likely to give false positive reactions with ELISA screening tests. The
Welicozyme assay found all 52 'problem sera' repeatedly negative. The Abbott.
Behring and Biochrom assays found 1 to 5 sera reactive on at least one occasion
while the Biochrom assay found 1 of these sera repeatably reactive (see Table 1).
The clearest separation of the 'problem sera' from the anti-HIV positive samples
was obtained by the Abbott assay (see Fig. 1). The least variation of OD ratios
was observed with the Abbott and Wellcozyme assay. The Wellcozyme assay pro-
duced the closest mean OD ratio to the cut-off of all four kits for the 'problem
sera' but the highly reproducible performance of the assay resulted in a tight clus-
tering of OD ratios thus producing minimal variation (see Fig. 2D).

The performance of the four assays on the large panels of freshly collected plasma
specimens from volunteer blood donors suggests that the Abbott and Behring as-
says have the highest specificity. However, when considering the 95% confidence
limits for these specificities it is not possible to distinguish or rank the kits from
highest to lowest specificity.

When comparing quantitative assays such as ELISAs it is often more useful to
deal with the actual values (OD ratios) rather than the qualitative relationship to
the cut-off. i.e. positive or negative. This enables a statistical approach to the es-
timation of sensitivity and specificity.

Accordingly we have developed such an approach by determining sensitivity and
specificity in terms of delta (6). the distance of the mean OD ratio of antibody po-
sitive and antibody negative sample populations from the cut-off measured in
standard deviation units (Crofts et al.. 1988).

The delta values shown in Table 4 reflect the observations previously made con-
cerning sensitivity, specificity. and reproducibility of the assays but have the ad-
vantage of providing a quantitative measurement for these parameters.

The Abbott assay shows the highest and most consistent positive delta values for
sera obtained from patients at different stages of disease. The high delta value
shown by this assay for all combined patient categories reflects the consistently high
OD ratios which resulted in the clear separation of this population from the cut-
off as shown in Fig. 1. The high positive delta values shown by the Abbott assay
increases the confidence that can be placed in the sensitivity estimates shown in
Table 2. Although assay to assay differences in these estimates are not statistically
significant, the extremely large positive delta values for the Abbott assay show that
there is a much greater tolerance in this test for variation of test results without
the occurrence of false negatives. This provides the Abbott assay with a larger
margin for variation than the other three assays when testing anti-HIV positive sera
and ensures a consistent high level of sensitivity.

The decline in mean OD ratios and wide variation (low reproducibility) in OD
ratios shown by the Behring and Biochrom assays with progression of disease sta-
tus (see Fig. 2A. B and C) are clearly reflected in the delta values for these assays.
The Behring assay produced the largest variation in OD ratios for sera from all
disease stages and this is shown by the consistently low delta values for this assay.
The Wellcozyme assay performed equally well on sera from all disease stages
showing low variation in OD ratios.

S
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Comparison of delta values on the *problem sera' shows that the Wellcozyme
assay ,clearly separated this population from the cut-off. The delta values also show
that the Behring test gave the clearest separation of the anti-HIV negative blood
donor sera from the cut-off as shown by the high negative delta value for this pop-
ulation (see Table 4). The delta value provides a quantitative measure of the sep-
aration shown in Fig. IC. Calculations using the delta values show this assay to
have a probability of greater than 99.99% for correctly identifying anti-HIV neg-
ative samples. This increases the confidence that can be placed in the specificity
estimates shown in Table 3. Although the specificity estimates for the four assays
are not significantly different, the large negative delta value for the Behring assay
indicates that it has a greater margin for variation than the other assays without
the occurrence of false positives which ensures a reproducibly high level of spec-
ificity. This advantage, however, was somewhat diminished when testing problem
sera (Table 4).

Demands for improvements in sensitivity and specificity of anti-HIV screening
assays have recently been made (Saah et al.. 1987, Meyer and Pauker. 1987). The
conventional means of determining sensitivity and specificity of assays under eval-
uation does not use all the available data but relies upon qualitative estimates.
namely, 'how many did the test get right or wrong?'. The use of delta values de-
scribed in this study provides a quantitative measure which can be used in con-
junction with the conventional estimates of kit performance to determine if im-
provements in sensitivity and specificity have been achieved.

Of the second generation assays the Abbott assay produced the clearest sepa-
ration of anti-HIV positive and negative sera and showed the highest levels of sen-
sitivity, specificity and smallest variation of OD ratios. Large positive delta values
reflect the ability of the assay to consistently produce high OD ratios for anti-HIV
positive sera taken from patients at different stages of disease. Calculations using
these delta values show this assay to have a probability of greater than 99.99% of
detecting anti-HIV positive individuals. This is an improvement by comparison with
previously reported performance levels (Gurtler et al.. 1987).

The relatively low delta value obtained by the Abbott test for both the blood
donor and 'problem sera' leaves only a small margin for OD ratio variation. Cal-
culations derived from the delta values show that the false positive rate could be
as high as 0.21% if adequate laboratory technique is not maintained. In this eval-
uation the observed false positive rate in the blood donor population was 0.02%.
This is a marked improvement in comparison to previously reported performance
levels (Gurtler et al., 1987).

Of the two competition assays the Wellcozyme assay showed the highest levels
of sensitivity which was also reflected in the relatively higher positive delta values.
By contrast, the Behnng assay showed the highest level of specificity of the two
assays and this was confirmed by the large negative delta values reported for the
blood donor samples. The Behring assay may encounter difficulty with 'problem,
sera' as shown by the number of non-repeatably reactive aliquots and the very low
negative delta value for these sera (see Tables 1 and 4).

In conclusion, conventional estimates of sensitivity and specificity and the use
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of delta values derived from this evaluation suggest that the Abbott recombinant
assay provides marked improvements in the sensitivity of previously available as-
says and that competitive anti-HIV ELISA methods offer the greatest potential
for improvements in specificity. Although the Abbott recombinant assay showed
a high level of specificity in this evaluation, careful attention to technical aspects
of the procedure will be necessary in order to maintain such levels of performance.
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Introduction

THE SIXTH ANNUAL CONFERENCE ON

HuMAN RETROVIR JS TESTING
ASTPHLD Comntee on Human Retrovirus Testing

The constant evolution of testing methodologies I and HTLV-II differentiation, the confirmation meth-
for the human retroviruses demands that periodic odologies and criteria for HIV-1 and HIV-2 as opposed
reviews of the capabilities of these methodologies to the HTLV viruses, HIV-1 and HIV-2 combination
used in the public health laboratories be conducted. tests, and alternate rapid testing methods.
To this end, the Association of State and Territorial Panel Session 5 was entitled "The Diagnosis of
Public Health Laboratory Directors (ASTPHLD) spon- HIV Infection in Newborns." The topics covered, in a
sored the Sixth Conference on Human Retrovirus very specific sense, were the use of flow cytometry,
Testing March 5-7, 1991, in Kansas City, Missouri. PCR, and culture assays to enhance the detection of
Approximately 285 conference participants viewed 36 infection in newborns. Discussions also covered the
poster presentations, heard 12 plenary session speak- use of ELISPOT, in vitro assays, and analysis for IgA.
ers discuss a variety of topics relevant to retrovirus Panel Session 6 was entitled "Standards of Prac-
testing, and participated in six panel sessions concen- tice and Reporting." A new topic covered during this
trating on the most relevant topics of human retro- session was the interpretation and reporting of EIA
virus testing. reactives in vaccinated individuals.

Panel Session 1 was entitled "Testing for HIV-1." There continues to be intense interest in the
Topics discussed included rapid testing methods, methodologies discussed in these six panel sessions.
western blots, testing of nontraditional samples, surro- In addition, the increased attention by the medical and
gate markers, recombinant/synthetic-based assays, scientific community is focused on early intervention
western blot interpretation criteria, indirect fluores- and treatment programs for HIV-positive patients.
cent antibody methods, and viral detection methods. Title III of the Ryan White CARE Act outlines provi-

Panel Session 2 was entitled "Polymerase Chain sions for monitoring the immune status of HIV-
Reaction." Topics discussed within this panel session positive patients in order to assess the stage of the
included methodologies used in PCR, quality assur- acquired immunodeficiency syndrome (AIDS). Labo-
ance, proficiency testing, and test interpretation and -atory analysis, in all aspects of this monitoring
reporting. process, are extremely important. Laboratory findings

Panel Session 3 concentrated on developments form the basis of the therapies currently available for
within its title, "Flow Cytometry." The topics covered retrovirus-infected individuals.
included flow cytometry for disease staging, monitor- It is intended that the recommendations derived
ing anitviral therapy, training, quality assurance, report- from the Conference on Testing for Human Retro-
ing criteria, and interpretation, virus be used universally to set laboratory standards

Panel Session 4 was entitled 'Testing for HIV-2 in methodologies, policies, quality assurance, inter-
and HTLV-I/HTLV-II." Topics covered included HTLV- pretation, and reporting.

This conference was supported, in part, by a financial grant from the Department of the Army, Medical Research and Development
Command. The views, opinions, and/or findings contained herein are those of the author(s), and should not be construed as an official
document of the Army position, policy, or decision unless so designated by other documents.

Committee members: David F Carpenter, PhD, Chair, Illinois; Arthur F DiSalvo, MD, Nevada; I Mehsen Joseph, PhD, Maryland,
James Pearson. DrPH. North Dakota; Michael G. Voz., PhD, California. Planning committee members: Robert Linder, MD, PhD, chair;
Michael S. Ascher. MD: Roger Dodd, PhD: Chester P Roberts, PhD: Charles A. Schable, MS; Judith Wethers, MS; Judith Wilber PhD.

Address reprint requests to ASTPHLD Headquarters, c/o Jerome Cordts, 1211 Connecticut Ave. NW Suite 508, Washington, DC
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SUMMARY OF SURVEY #8

To assess the current status of testing for human by each of the responding laboratories. The data
retroviruses, a survey was sent to 54 state and indicate that approximately 48% of the laboratories
territorial public health laboratories during the third conduct less than 50,000 tests per year. Sixteen
quarter of 1990. The survey requested data for fiscal percent conduct greater than 100,000 tests per year;
year 1990 (July 1989-June 1990). In previous years, approximately 35% of the responding laboratories
calendar-year data were requested. conduct 50,000 to 100,000 tests for retrovirus per year.

A milestone was achieved in gathering the data The human immunodeficiency virus (HIV) posi-
for this most recent survey. All 54 state and territorial tivity rate reported by public health laboratories is
public health laboratories and the City of New York shown in Figure 2. Of the responding laboratories,
contributed to the survey data. This had not occurred 42% have a very low positivity rate of less than 1%.
in any previous year. The summary of these data Another 42% of the responding laboratories indicate a
follows. positivity rate between 1% and 5%; 17% of laboratories

The total number of enzyme immunoassay (EIA) have a positivity rate in excess of 5%. The pie chart
tests as indicated in Table 1 totalled in excess of 4 depicted in Figure 3 indicates the tests that are used
million. These data cannot be compared directly with to confirm EIA reactives. These data show that the
the data from previous years because these tests western blot test was used most frequently (73% of all
include data from 99 California clinical laboratories confirmatory tests conducted). The IFA confirmatory
and blood banks. However, in evaluating these data, it system was used for 26% of the reactive tests, while
can be noted that the EIA reactive rate in the national approximately 1% of the confirmations were con-
sample is 3%. Western blot confirmation of the reac- ducted with either polymerase chain reaction (PCR)
fives was 58%; 9% of the western blots were indetermi- or culture techniques.
nate. Using indirect fluorescent antibody (IFA), 79% of Figure 4 indicates that alternate testing method-
the reactives were confirmed; 1.5% were indetermi- ologies are being used by more laboratories. Surro-
nate. gate markers, which include p24 antigen, neopterin,

Removing the California data generates Table 2, and p-2-microglobulin, are used by eight laboratories.
demonstrating 3.175 million EIA tests. These data Flow cytometry, culture, polymerase chain reaction
indicate a slightly higher reaction rate of 3.5%. West- (PCR), recombinant antigen, and synthetic peptides
ern blot confirmation also is higher; positive in 82%; also are being used, but in fewer numbers of laborato-
and indeterminate in 7.5%. By IFA, 78% of the original ries.
EIA reactive tests were confirmed, while only 1.5% Public health laboratories continue to support the
were indeterminate. These data appear to demon- initiative of the Centers for Disease Control (CDC) in
strate superior sensitivity and specificity of the IFA gathering data for the family seroprevalence surveys.
testing methodologies. Figure 5 indicates that 35 laboratories conducted HIV

Figure 1 indicates the total number of tests done testing in populations of women of childbearing age.

From the Sixth Conference on Human Retrovirus Testing, March 5-7, 1991, Kansas City, Missouri.
Summary of survey #8. Infect Control Hosp Epidemiol. 1991;12:470-473.
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TABLE 1 TABLE 2
HI1V- 1 Rirntovntus TEsEING* HI1V- 1 RETRovIRUS TESTIG EXCLUDING LOCAL AND

Tomt TOtW Reactve INDt CLNICAL CAFoRNIA LABORAToRIE

EIAt 4,424,943 132,376 N/A Teat TOtW Reactive IND*
W 131,890 77,075 11,625 EIAt 3,175,534 111,479 N/A

IFAt t 35,221 27,831 559 WBt 91,375 75,051 6,990

*Includes 37 county (local) public health laboratories and 99 clinical IFA* 33,934 26,664 555
laboratories in California. Indeterminant.

t Indeterminant. t Enzyme immunoassy.
t Enzyme Ufnfumoassy. t Western blot-

**Western blot. Idrc luecn nioy
tt Indirect flourescent antibody. *Idrcfouectanbdy

RESPONDENTS WESTERN BLOT 751
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________________________________________ FIGURE 3. Distribution of confirmatory methods for reactive EIA.

FIGURE 1. Total number of tests performed by reporting laborato-
ries.
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__________________________________________ FIGURE 4. Other test methods used in public health laboratories

FIGURE 2. HIV positivity rates for tests in public health laborato- to follow up on patients with HIV.
ries.

total of 52 responding laboratories indicated that they

The data indicate that the positivity rate in this conduct tests for HIV-1 (Pennsylvania and Minnesota

population is substantially below that seen in the adult state public health laboratories do not conduct HIV
popuatin shwn n Fiure2. Of 35 labs reporting, testing). The data in this figure indicate that there are

pnolaorshon indFigured httepstv aei six laboratories conducting HIV2 testing and 11

only porulabiorareniated that th1% stvertei laboratories performing tests for HTLV-I/H1.
thispoplatin ws grate tha 1% Table 3 shows the total number of HWV2 tests

Figure 6 outlines the retrovrus testing being conducted. Of the 4,460 EIA tests, only 114, or 2.5%
conducted in each of the responding laboratories. A were found to be reactive. This reactive rate is similar
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FIGURE 5. The HIV positivity rate for newborns. FIGURE 7. Testing turnaround time for nonreactive results.
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FIGURE 6. Summary of the public health laboratory retrovirus
testing. Note. in two states, the HIV-1 is not performed in the state FIGURE 8. Testing turnaround time for reactive results.
laboratory.

Tless than 1% were reactive. Those reactive specimens,
TABLE 3 * which were then confirmed by western blot, showed a
HIM- 2 RETROVIUS TESTING* 25% confirmatory rate, while 11% were indeterminate.

Test Toga Rostivo INDI In using the IFA methodology, 55% were confirmed,
EIAt 4,460 114 N/A while 6% were indeterminate.
WB* 194 22 32 Figure 7 demonstrates the average testing turna-
IFAtt 17 0 1 round time when the results of the EA tests are
. Includes local laboratories in California. negative. Most laboratories indicate that the results
t Indeterminant.

Enzyme imrnunoassay. are reported within three calendar days. The testing
** Western blot. turnaround time for an EA positive specimen is
ft Indirect flourescent antibody. longer and more inconsistent (Figure 8). It is clearly

evident that extended periods of time are needed to
confirm results; the largest number of laboratories

to that seen for HIV-1. However, western blot confir- (11) indicated that seven calendar days were needed
mation rates were very different from HV-1 in that in order to report a confirmed positive result. This
only 11% of the EA reactive tests were confirmed, extended turnaround time is a source of frequent
while 16% were indeterminate. In using IFA methodol- discussion between the state public health laboratory
ogies, there were no reactives and only one indetermi- and the acquired immunodeficiency syndrome (AIDS)
nate. These data appear to indicate the need to refine program in each of the states and territories. Many
testing conducted for HIV-2. requests have been made to consider various

Table 4 demonstrates that there were approxi- schemes to reduce the reporting turnaround time
mately 500,000 tests conducted for human T-cell when positive EA results are involved.
lymphotropic virus types I/I1 (HTLV-I/II). Of these, The principal manufacturers of ETA testing rea-
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TABLE 4 TABLE 7
HTLV-I/11 RETrovuws TESTING* US ARMY H1IV-1 TESTING FOR FISCAL YEAR 1990

Test Total Reactive INDT Test Total Reactive IND*
ElAt 523,524** 1,946 N/A EIAt 1,304,224 6,012 N/A

WBtt 1,702 407 195 WBf 6,875 2,278 863
IFA# 1,942 1,063 112 Culture 2,417 1,092

Includes the 37 local public health and 99 clinical laboratories in California. PCR** 657
t Indeterminant. Flowtt 7,500
* Enzyme immunoassay.

Of this total. 515,093 were performed by 35 clinical laboratories in California. Indeterminant.
tt Western blot. t Enzyme immunoassay.
0t Indirect flourescent antibody. f Western blot.

** Polymerase chain reaction.
tt Flow cytometry.

TABLE 5
SUPPLIERS OF EIA* USED BY STATE PUBLIC

HEALTH LABORATORIES TABLE 8
US ARMY HIV-2 TESTING FOR FISCAL YEAR 1990

Abbott Test Total Reactive IND*

DuPont EIAt 1,590 16 N/A
Genetic Sytems WEt 16 0 1
Organon Teknika PCR** 5
Ortho Flowt 10

Enzyme immunoassay. . Indeterminant.

t Enzyme immunoassay.
f Western blot.
** Polymerase chain reaction.

TABLE 6 tt Flow cytometry.

SUPPLIERS OF " * REAGENTS USED BY STATE PUBLIC

Hr kLTH LABORATORIES

Abbott TABLE 9

Bio-Rad US ARMY CONFIRMATORY HTLV-I/I1 TESTS FOR

Cappell FISCAL YEAR 1990

DuPont Test Total Positive
Epitope (Organon Teknika) Culture 15 8
Genetic Systems PCR* 177
Ortho Flowt 100

Western blot. * Polymerase chain reaction.
t Flow cytometry.

gent for public health laboratories are listed in alpha-
betical order in !able 5. The leading suppliers of order to confirm a positive test result. Only one state
western blot testing systems are indicated in Thble 6. (Michigan) has laws regarding HIV testing of preg-

Survey data also contained the following informa- nant women.
tion. Six state laboratories are performing flow cytom- Tables 7, 8, and 9 represent, respectively, the
etry, while 11 plan to initiate the procedure within the HIV-2, HIV-2, and HTLV-I/II testing done by the US
next 12 months. Of the six laboratories currently Army. Although not a member of ASTPHLD, the US
performing flow cytometry, two test all HV-positive Army testing laboratories represent a considerable
samples. Thirty-nine laboratories (75%) participate in amount of testing performed on members of the
the CDC family of surveys. Ninety-two percent of the armed forces. These data are significant in that this is
responding laboratories follow the recommendation an excellent cross-section of the young adult popula-
of ASTPHLD-CDC in performing and interpreting the tion of the United States. The Army data are included
western blot. Twenty-eight percent of the responding for comparison.
laboratories routinely request a second sample in



TESTING (HIV-1)

CHAIR 1.03 We encourage manufactures to evaluate nontra-

J. Mehsen Joseph, PhD, Director, Laboratories ditional markers, such as p17 antigen, and
Administration, Maryland Department of Health and develop quantitative assays for staging.
Mental Hygiene, Baltimore, Maryland. 1.04 FDA-licensed recombinant or synthetic peptide

ELISA tests for the detection of HIV-1 antibody
MEMBERS can be used in an HIV-1 algorithm. The following

Cynthia K. Cossen, Public Health Microbiolo- algorithm has been proposed as an alternative to
gist, Viral and Rickettsial Diseases Laboratory, Depart- the existing algorithm for the detection of HIV-1
ment of Health, Berkeley, California; J. Richard antibody. This algorithm should be evaluated
George, PhD, Chief, Developmental Technology Sec- during the coming year and data submitted at
tion, Centers for Disease Control, Atlanta, Georgia; the next meeting.
Stephen Josephson, PhD, Director, Clinical Microbi- a. HIV-1 ELISA A
ology/Virology, Rhode Island Hospital, Providence, 1. Negative-Report
Rhode Island (Rapporteur). 2. Reactive-Go to b

b. HIV-1 ELISA B
TOPICS 1. Negative-Report

Rapid testing methods; blots; testing of nontradi- 2. Reactive-Go to c or d
tional samples; surrogate markers; recombinant/ c. HIV-1 IFA
synthetic-based assays; simultaneous detection 1. Positive-Report

methods; western blot criteria; IFA; viral detection 2. Negative or nonspecific-To to WB and/
methods. or follow-up specimen

d. HIV-1 WB
RECOMMENDATIONS 1. Positive-Report
1.01 Rapid tests for tWe detection of HIV-1 antibody 2. Indeterminate--Go to follow-up specimen

not be a waivered test under CLIA regulations. It 3. Negative-Report or repeat
is essential that a proficiency testing program be 1.05 The ASTPHLD criteria for western blot interpre-
developed to ensure the quality of testing. tation should be re-evaluated in light of recent

1.02 At the present time, we cannot recommend the reports of uninfected individuals with envelope
use of urine or saliva specimens for HIV anti- only or envelope and gag bands. The issue of
body testing. Available data, however, indicate contamination by another specimen may be a
that these specimens may be acceptable. We contributing factor and must be addressed.
recommend that manufacturers and interested 1.06 Quantitative antigen assays for measuring virus
investigators publish in peer-reviewed journals burden are needed to monitor disease progres-
and submit data to the FDA that would allow sion and efficacy of therapy. Further develop-
urine and saliva to be used for HIV antibody ment of better quantitative assays should be

testing. encouraged. It is recommended that a national

From the Sixth Conference on Human Retrovirus Testing, March 5-7, 1991, Kansas City. Missouri.
Tsting (HIV-1). Infect Control Hosp Epidemiol. 1991;12.-474-475.
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reference standard for antigen quantitation be result should be followed by an additional sup-
developed for use by manufacturers for standard- plemental test.
izing their antigen detection kits. 1.10 The IFA should not be used as a screening

1.07 IFA has a place in HIV diagnostic schemes as a procedure.
supplemental test. Some of the currently availa- 1.11 IFA kit manufacturers are encouraged to submit
ble commercial kits show promise for use as their products to the FDA for licensure. Public
confirmatory tests. health and other laboratories are encouraged to

1.08 Laboratories with significant experience with actively participate in gathering data needed to
HIV IFA may use their own IFA-based protocols support these applications.
for confirmation of screening test results. 1.12 The following references should be used for

1.09 Nonspecific IFA results should be clarified when- delta value calculations:
ever possible. The use of absorption will resolve 1. Crofts N, et al. Evaluation of enzyme-linked
many of these problems, and manufacturers are immunosorbent assays: a method of data
encouraged to develop standard protocols for analysis. J Virol Methods. 1988;22:51-59.
this and to make cells available for this purpose. anasis. Vio etod. A 988;22no1-59.
Other supplemental tests should be used when 2. Maskil WJ, et al. An evaluation of competi-
absorption cannot resolve the antibody status of tive and second-generation ELSA. J Virol
a specimen. A positive IFA can be reported as
positive. However, a negative or a nonspecific



POLYMERASE CHAIN REACTION

CHAIR 2.5 mM.

Haynes W. (Chip) Sheppard, PhD, Research 2.05 Annealing and extension conditions must be
Scientist, California Public Health Foundation, optimized in each laboratory.
Berkely, California. 2.06 The number of cycles in the amplification proc-

ess should be between 30 and 35 for HIV
MEMBERS detection.

Anne M. Comeau, PhD, Co-Principal Investiga- 2.07 Liquid oligonucleotide hybridization (OH) is a
tor, Newborn HIV Project, Theobald Smith Research highly sensitive and specific detection method
Institute, Jamaica Plain, Massachusetts (Rapporteur); and is recommended.
Harold Dowda, PhD, Director, Diagnostic Microbiol- 2.08 A variety of nonradioactive detection methods

ogy, South Carolina Department of Health and Envi- are now available and some have sensitivity and

ronmental Control, Columbia, South Carolina; Robert specificity comparable to OH detection. Further

Martin, DrPH, Director of Laboratories, Michigan comparative testing is reconnended.

Department of Health, Lansing, Michigan; Susan 2.09 In order to obtain the authority to perform and

Mottice, PhD, Director, Microbiology, Utah State report PCR results, the PCR subcommittee rec-

Health Department, Salt Lake City, Utah; John Pfister, ommends initiation and continuation of discus-

RM (AAM), Retrovirus Supervisor, State Laboratory sions with those who hold patents affecting the

of Hygiene, Madison, Wisconsin. use of PCR for the purpose of ensuring continua-
tion of public health investigations of the diagno-

TOPICS sis, etiology, and pathogenesis of diseases of

Quality assurance; methodology; applications; public health importance.

interpretation/reporting; proficiency testing. 2.10 Laboratories performing PCR should employ a
minimum of two primer pairs for initial testing

RECOMMENDATIONS and/or resolution of discrepant results.

2.01 For specimens obtained "on site," with same-day 2.11 Primers with documented sensitivity and speci-

processing, EDTA, Heparin, or ACD are suita- ficity should be used.
For specimens that are shipped from another 2.12 A minimum of two separate PCR reactions (two

ble.primer pairs or dupicates of one primer pair)
site, samples in ACD may be suitable for up to should be performed for each specimen. Split-

five days. For specimens in EDTA or heparin, ting of the original specimen is recommended

the maximum transport time is 48 hours. when possible.

2.02 Every effort should be made to obtain whole 2.13 Discrepant results should be resolved by addi-

blood samples 24 hours to 48 hours after veni- tional analysis of the original specimen using the
puncture. Samples should be transported at same or different primer pairs. If discrepant
room temperature. results cannot be resolved by repeat testing, the

2.03 Dried blood spots appear to be suitable for PCR results should be reported as indeterminate and
testing and may be stable for long periods of another specimen should be requested.
time. Further data are awaited regarding the 2.14 The overall interpretation of PCR testing should
sensitivity and specificity of PCR testing from be reported as HIV DNA detected, HIV DNA not
dried blood spots. detected, or indeterminate.

2.04 Magnesium concentration must be optimized for 2.15 Complete testing algorithms need not be
each set of primers. Current, rimers: 1.5 mM to reported.

From the Sixth Conference on Human Retrovirus Tsting, March 5-7, 1991, Kansas City, Missouri.
Polymerase chain reaction. Infect Control Hosp Epidemiol. 1991;12.476-477.
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2.16 Appropriate positive, negative, and reagent con- tional studies on the use of PCR in the first three
trols should be included with every PCR test. months of life are needed.

2.17 All published guidelines for minimizing the con- 2.24 The use of PCR for retroviral diagnosis in "high
tamination of specimens with amplified PCR risk" seronegative adults is not recommended as
product should be rigorously followed, a routine procedure.

2.18 Biochemical sterilization of PCR products 2.25 The use of PCR for the resolution of indetermi-
should be instituted in all PCR laboratories as nate serology in adults is not recommended as a
soon as possible. routine procedure.

2.19 The committee recommends that each labora- 2.26 PCR may be helpful in the diagnosis of rare
tory performing PCR conduct validation studies individuals with defective antibody production.
on an appropriate number of well-characterized
test samples and maintain appropriate records of 2.27 PCR is useful for the differentiation of viral
such test results. subtypes (e.g., HTVL-2/I. or HW-1 versus H-

2.20 The development of validation panels for distri- 2).
bution to PCR laboratories by the private sector, 2.28 The determination of viral burden by PCR may
NIH, and CDC is recommended. be helpful in the prognosis of HIV disease.

2.21 The development of standardized reagents and However, quantitative PCR requires complex
controls in the form of commercial kits is encour- procedures that are not established in most
aged. laboratories.

2.22 The immediate initiation of a proficiency testing 2.29 The use of PCR to monitor the effects of antiviral
program for PCR is recommended. therapy on viral burden is an important area of

2.23 The application of PCR, in combination with future study but has not been validated at this
other tests, for the diagnosis of infants born to time.
seropositive mothers is recommended. Addi-



FLow CYTOMETRY

CHAIR experienced laboratories may be an accepta-
Jonathan M. Kagan, PhD, Chief, Clinical Sci- ble alternative.

ences Section, Treatment Research Program, Division b. Clinical flow cytometry training courses for
of Acquired Immunodeficiency Syndrome (AIDS), laboratory directors and supervisors should
National Institute of Allergy and Infectious Diseases, be developed.
National Institutes of Health, Bethesda, Maryland. c. The ASTPHLD recommends the develop-

ment of certification programs for laboratory
MEMBERS technicians trained in flow cytometry.

A. Russell Gerber, MD, Center for Infectious d. The ASTPHLD recommends the develop-
Diseases, Centers for Disease Control, Atlanta, Geor- ment and implementation of accreditation
gia; Janet K.A. Nicholson, PhD, Center for Infectious standards for all training courses and work-
Diseases, Centers for Disease Control, Atlanta, Geor- shops in clinical flow cytometry.
gia (Rapporteur). 3.03 The ASTPHLD should assemble and make avail-

able updated information on clinical flow
TOPICS cytometry training courses and workshops.

Quality assurance; training; monitoring antiviral 3.04 Before accepting specimens for clinical flow
therapy; reporting criteria and interpretation; disease cytometric analysis, each laboratory must have
staging. in place a comprehensive quality assurance

protocol that includes standardization, quality
RECOMMAENDATIONS control procedures, and proficiency testing.
3.01 Each public health laboratory should evaluate a. Standardization of instrument optical alight-

the need to establish flow cytometry capability ment, spectral sensitivity, and fluorescence
based on an assessment of criteria including: compensation must be performed daily.
prevalence of HIV infection and cumulative b. Quality control includes daily monitoring and
incidence of AIDS within the area served; recording of instrument performance and
ability to monitor and evaluate the quality of cell preparation methodologies. Reagent sta-
flow cytometry and pertinent hematology bility should be assessed with lot changes
results; cost effectiveness; and the availability and as otherwise needed.
of other early HIV intervention services. Addi- c. Proficiency testing within a nationally recog-
tional data are needed before specific recom- nized program on a quarterly basis is
mendations can be made on nonretroviral required as an integral component of com-
public health and environmental applications prehensive quality assurance.
of flow cytometry. 3.05 The ASTPHLD endorses the National Commit-

3.02 Flow cytometry training should be mandatory tee for Clinical Laboratory Standards (NCCLS)
for all relevant personnel including instrument Proposed Guideline, H42-P, Clinical Applica-
operators, laboratory supervisors and laboratory tions of Flow Cytometry: Quality Assurance and
directors. Immunophenotyping of Peripheral Blood Lym-
a. All instrument operators should, in addition phocytes.

to flow cytometer manufacturer's training, 3.06 The determination of absolute counts for lyr-
receive supplementary training through addi- phocyte subsets requires both hematologic and
tional courses or workshops offered by inde- flow cytometric measures. For hematologic meas-
pendent organizations. In-house training at ures:

From the Sixth Conference on Human Retrovirus Testig, March 5-7, 1991, Kasas City, Missouri.
Row cytomet3t Infect Control Hosp Epidemiol. 1991;12478-480.
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a. Determination of the absolute lymphocyte TABLE
count requires both a white blood cell count RECOMMENDED TWO-CoLOR MONOCLONAL ANTIODY
(WBC) and a differential (including percent PANEL FOR RDUTINE IMMUNOPHENOTYPING

lymphocytes). The ASTPHLD endorses the
NCCLS Tentative Standard (1984), H-20T, Momnon Anyioda
Leukocyte Differential Counting. The opti- "b""n Ceil Type fl~mi.ntd
mal specimen for these hematologic meas- IgG1/IgG 2  Isotype controls
ures is EDTA-preserved whole blood CD45/CD14 Percent lymphocytes in

(lavender top tube) less than six hours old. gating regiont
b. Recognizing that laboratories may receive CD3/CD4 Thelper/inducer subsett

hematologic specimens more than six hours CD3/CD8 T-suppressor/cytotoxic
old, the ASTPHLD recommends considera- subsett
tion of the following options: CD3/CD16 + CD56 Total T cells/total NK cells**
1. Hematologic analysis may be performed CD197 Total B-cells

within six hours locally, and a second * Frrc/PE-labeled reagents.
specimen (drawn simultaneously) for flow t Lymphocytes will be CD45b'tCD14n".

s Indicated cell type will be positive for both antibodies.
cytometry may be transported to the flow **Total T cells = all cells expressing CD3; total NK cells = all cells that are

cytometry laboratory. It may be desirable CD3-negatve but positive for CD16 and/or CD56.

to obtain a fresh smear for quality assur-
ance.

2. Laboratories can verify the maximum age for routine immunophenotyping.
of specimens for which hematologic 3.09 Lymphocyte light scatter gates must be vali-
results are comparable to fresh speci- dated by anti-CD45 (pan-leukocyte) and anti-
mens. CD14 (monocyte) reactivity.

c. The laboratory performing the hematology a. Optimally, nonlymphocyte contamination
should maintain a documented intralabora- within the gate should not exceed 5%. Eighty-
tory coefficient of variation of less than five five percent is the lower limit of acceptable
percent for the WBC. lymphocyte representation in the lympho-

d. Laboratories should evaluate and character- cyte gate.
ize intralaboratory bias and establish confi- b. At least 95% of lymphocytes should be con-
dence intervals for the WBC and the tained within the light scatter gate.
differential lymphocyte counts. 3.10 Lymphocyte subset percentage values from the

e. Automated differentials are strongly recom- flow cytometer should be corrected by dividing
mended. Manual differentials should count at the observed percentage by the percentage of
least 400 cells. lymphocytes (CD45b right CD14negative) in the lym-

For flow cytometric measures: phocyte gating region.
a. The optimal specimen for lymphocyte 3.11 For most specimens, the total of the corrected

immunophenotyping by flow cytometry is CD3~ sitive (Total I), CD19Positive (Total B), and
either an EDTA-preserved whole blood spec- CD3negative CD56POsitive and/or CD16positive (Total
imen less than six hours old or a heparinized NK) percentages should sum to between 95%
whole blood specimen up to 24 hours old. and 105%.

b. Recognizing that laboratories may receive 3.12 Each laboratory must establish age-and popula-
suboptimal (old) flow cytometric specimens, tion-appropriate reference ranges in accordance
ASTPHLD recommends that laboratories ver- with validated statistical criteria.
ify the maximum ages of specimens for a. It should be noted that pediatric reference
which immunophenotyping results are com- ranges may differ substantially from the ref-
parable to fresh specimens. erence ranges for adult populations.

c. Optimally, specimens should be maintained 3.13 The manufacturers of flow cytometry instrumen-
at room temperature (180C to 22 0C) until tation and reagents are urged to cooperatively
tested. expedite the development of:

3.07 Whole blood lysis and two-color immunofloures- a. Improved lymphocyte gating reagents.
cence are the methods of choice for flow cytom- b. Automated sample preparation technology.
etric immunophenotyping. c. Flow cytometers capable of determining abso-

3.08 The ASTPHLD recommends the two-color lute numbers for lymphocyte subsets.
monoclonal antibody panel specified in the Table d. Improved laboratory quality control reagents.
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e. Anticoagulants and preservatives suitable for national lymphocyte immunophenotyping per-
both hematologic and flow cytometric meas- formance evaluation program including training
urements. and education programs.

3.14 Laboratory reports should optimally include lym- 3.16 The ASTPHLD strongly supports the efforts of
phocyte subset percentages, absolute values, the NCCLS and the NIAID Flow Cytometry
and laboratory reference ranges. Advisory Committee in setting standards for
a. Laboratory reports should specify the immuno- clinical flow cytometric immunophenotyping.

phenotype (CD designation) for all lympho- 3.17 The ASTPHLD encourages the development of
cyte subsets reported therein (e.g., Thelper/ alternative (nonflow cytometric) methods for
inducer = CD3Psiive/CD4P~sitie). the enumeration of CD4 + lymphocytes.

b. Values for lymphocyte subsets should be 3.18 The ASTPHLD endorses Universal Precautions
corrected for the lymphocyte representation and the flow cytometry safety guidelines out-
in the gating region.

c. Absolute values for lymphocyte subsets lined in NCCLS document H42-P, Clinical Apali-
should be reported unless hematologic cations of Flow CytometrP: Quality Assurance
results are suspect. and Imnunophenotyping of Peripheral Blood

3.15 The ASTPHLD strongly supports efforts by the Lymphocytes.

Centers for Disease Control to establish a



TESTING (HIV-2, HTLV-I/II)

CHAIR 4.04 Since HTLV-I and HTLV-II infections have differ-

Chyang Fang, PhD, Director, National Reference ent disease manifestations, we recommend that

Laboratory for Infectious Diseases, American Red public health laboratories carry out, if possible,

Cross, Rockville, Maryland. routine differentiation of HTLV-I from HTLV-II
in HTLV-I/II seropositive samples.

MEMBERS 4.05 We encourage the development and evaluation

J. Richard George, PhD, Chief, Developmental of recombinant and/or synthetic peptide rea-

Technology Section, Centers for Disease Control, gents for the differentiation of HTLV-I from

Atlanta, Georgia; Jonathan Kaplan, MD, Retrovirus HTLV-II antibodies.
Diseases Branch, Centers for Disease Control, Atlanta, 4.06 We recognize that current HTLV-I screening

Georgia; Helen Lee, PhD, Director, Transfusion Biol- assays will occasionally fail to detect HTLV-II

ogy Research and Development, Abbott Laboratories, antibodies and encourage systematic epidemiol-

North Chicago, Illinois (Rapporteur); Roy Stevens, ogical and laboratory studies to determine the

PhD, Director of Laboratories for Diagnostic Immu- sensitivity of HTLV-I reagents for HTLV-II anti-

nology, New York State Department of Health, Albany, body detection. If a sizable percentage of HTLV-

New York; Barbara Werner, PhD, Director, Clinical II antibodies are missed, the development of a

Investigation and Virology, State Laboratory Institute, more sensitive second-generation HTLV assay is

Boston, Massachusetts. recommended.
4.07 National surveillance for HIV-2 infections should

TOPICS be continued.

HTLV-I and HTLV-II differentiation; confirma- 4.08 HIV-1 seronegative or indeterminate persons

tion methodology and criteria for HIV-1/HIV-2 and with AIDS-related symptoms or those at risk for

HTLV-I/II; HIV-1/HIV-2 combination tests; rapid test- HIV-2 infection should be considered as candi-

ing methods. dates for HIV-2 antibody testing.
4.09 Upon the availability of HIV-1/HIV-2 combina-

RECOMMENDATIONS tion tests, the public health laboratories should
4.01 We encourage manufacturers to develop second- consider the importance of adopting the combi-

generation confirmatory tests to replace the nation assays based on epidemiological data

current WB-RIPA procedures with assays utiliz- pertinent to the local area.
ing recombinant proteins and/or synthetic pep- 4.10 The ASTPHLD Committee on Human Retro-

tides in formats that allow objective reading. virus Testing should appoint a committee com-

4.02 The inclusion of p19+gp46/61 pattern as posed of representatives from public health

confirmatory for HTLV-I/II seropositivity laboratories and manufacturers to determine the
should be further evaluated, characteristics of standard HIV-2 confirmatory

4.03 The utility of p21e in the current confirmation tests. For example, for western blot, these would
criteria needs to be validated; the specificity of include the virus strain, purification and process-
recombinant p2le, in particular, should be fur- ing of antigens, and interpretive criteria.
ther evaluated.

From the Sixth Conference on Human Retrovirus 7sting, March 5-7 1991, Kansas City, Missouri.
Testing (HIV2, HTLVI/II. Infect Control Hosp Epidemiol. 1991;12.481.



DIAGNOSIS OF HIV INFECTION I NEWBORNS

C(HAIR

Sara Beatrice, PhD, Director of Retrovirology 5.03 Negative results obtained on specim s from
and Immunology, New York City Department of infants less than one month of age must be
Public Health, New York, New York. regarded as tentative. Additional specimens

should be tested from these infants at ages
MEMBERS greater than one month. Positive results obtained

Anne M. Comeau, PhD Co-Principle Investiga- within the first month of life must be confirmed
tor, Newborn HIV Project, Theobald Smith Research with tests on an independent specimen as soon
Institute, Jamaica Plain, Massachusetts; Francis Lee, as possible (preferably in the first two months of
MD, Assistant Professor of Pediatrics, Pediatric Infec- life). All positive PCR results, regardless of age,
tious Diseases, Emory University, Atlanta, Georgia; should be confirmed with tests on an independ-
Barbara Weiblen, MS, Senior Scientist, Newborn HIV ent specimen.
Project, Theobald Smith Research Institute, Jamaica 5.04 Virus culture is an effective tool for diagnosis of
Plain, Massachusetts. HIV infection in young children. A negative

result does not rule out infection; a positive
TOPICS result should be confirmed.

Flow cytometry; polymerase chain reacuon and 5.05 ELISPOT is a promising new test for the diagno-
culture assays; ELISPOT and in vitro assays; IgA and sis of infection in infants in the first three
other serologic assays. months of life. It may complement PCR testing

during the neonatal period. The committee rec-
RECOMMENDATIONS ommends further testing on early specimens to
5.01 The committee recommends the continuation of evaluate its predictive value.

prospective studies for evaluation of relevant 5.06 IgA HIV antibody tests are of limited diagnostic
tests for the early diagnosis of infection, espe- value in neonates but may be positive by three
cially to identify rapid progressors. Prospective months of age. Because the IgA test is a simple
studies should include comparison analysis of modification of existing technology, it may be
PCR, culture, ELISPOT, and HIV-specifi IgA useful as a supplemental test in regional labora-
antibodies. tories.

5.02 PCR appears to be the most sensitive test for
diagnosis of HIV infection in the first three
months of life.

From the Sizth Conference on Human iRtrovirus Testing, March 5-7, 1991, Kansas City, Missouri.
Diagnosis of HIV ifection in newborns. Infect Control Hosp Epidemiol. 1991;12:482.



STANDARDS OF PRACTICE

CHAIR 6.03 Persons interpreting western blot tests should
Dale Lawrence, MD, Chief, Clinical Develop- be aware that participation by initially seronega-

ment Section, Vaccine Research and Development tive volunteers in clinical trials of HIV/AIDS
Branch, Basic Research and Development Program, vaccines will likely result in the acquisition of
Division of AIDS, National Institute of Allergy and detectable immune responses to HIV. These
Infectious Diseases, Rockville, Maryland. responses may include the development of a

positive EUSA test and western blot bands
MEMBERS reflecting the antigenic formulation and immu-

Susan Mottice, PhD, Director, Microbiology, nogenicity of the vaccine. Some vaccines may
Utah State Health Department, Salt Lake City, Utah; induce western blot bands which meet pub-
Lt.Col. Chester Roberts, PhD, Chief, Diagnostic Retro- lished criteria for a positive test
virology, Walter Reed Army Institute of Research, 6.04 During succeeding years, the testing of various
Rockville, Maryland; Judith Wethers, MS, Director, types of vaccine formulations can be anticipated.
Testing Services, Retrovirology Laboratory, State of To preclude misclassification of a vaccinated
New York Department of Health Laboratories, Albany, volunteer with a positive HIV antibody test
New York; Keith Lawrence, Administrator, New York result as infected, it will be necessary that
City Department of Health, New York, New York interpretation take into account the past HIV
(Rapporteur). vaccine immunization history. To assist in this,

the following procedures should be implemented
TOPICS by HLV/AIDS vaccine investigators.

Relxrting; testing of vaccinated individuals, a. At the conclusion of a trial, volunteers should
be provided with information on the vaccine

RECOMMENDATIONS formulation(s) administered along with, as a
6.01 This workshop reaffirms the reporting proce- minimum, the results of their ELISA and

dures recommended by the Fifth Consensus western blot tests post-vaccination.
Conference, with the addition by reference to b. Participants should have long-term accessi-
Section 9.02f. Item 2: "A narrative laboratory bility to this information with safeguards to
interpretation, including a reference to immune protect confidentiality.
response elicited by vaccines." 6.05 The NIH is supported in its effort to develop for

6.02 We welcome the drafting by CAP of anti-HIV test publication, in concert with the CDC and other
reporting guidelines and encourage all relevant agencies, an MMWR advisory acknowl-
ASTPHLD attendees to review and provide feed- edging the unique circumstances surrounding
back to CAP HIV/AIDS vaccine study participation.

From the Sixth Conference on Human Retrovirus Testing, March 5-7, 1991, Kansas City. Missouri.
Standards of practice. Infect Control Hosp Epidemiol. 1991; 12:483.
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